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9 1  
C H A P T E R  I 
BACKGROUND 
I n t r o d u c t i o n  
I n  t he  r e c e n t  p a s t  severa l  f a c t o r s  have combined t o  produce 
a r a p i d  r i s e  i n  tlhe c o s t  o f  energy. As a r e s u l t ,  research  i n  
a1 t e r n a t i  ve energy convers ion  has expanded. 
The New England Wind Furnace P r o j e c t  (NEWF)was begun a t  t h e  
U n i v e r s i t y  o f  Massachusetts a t  Amherst i n  January 1972. The 
p r o j e c t ' s  goal was t o  hea t  a  home us ing  e l e c t r i c i t y  generated a t  a  
nearby windmi 11. I n  1975 Federa l  f und ing  was rece i ved  which permi t t e d  
expansion o f  t he  research  s t a f f  and scope o f  t h e  p r o j e c t .  
P r i o r  t o  t h i s  work, P ro fesso r  C u r t i s  Johnson o f  t h e  UMass 
A g r i  c u l  t u r a l  Eng ineer i  ng Department began t h e  des ign  and c o n s t r u c t i o n  
of  a  one-s to ry  s i x  room house under a  Hatch Ac t  g r a n t  f rom t h e  U.S. 
Department of A g r i c u l t u r e .  T h i s  house was t o  be w e l l  i n s u l a t e d ,  
unusua l l y  durab le  and designed t o  perrni t disassembly by  s e c t i o n s  
and reassembly a t  a  new s i t e .  
Th i s  chap te r  b r i e f l y  descr ibes  t h e  development o f  each p r o j e c t  
and t h e i r  e v o l u t i o n  as a j o i n t  e f f o r t .  
S o l a r  H a b i t a t  One 
The H a b i t a t ,  as o r i g i n a l l y  env is ioned,  was t o  be a s i n g l e  s t o r y  
one f a m i l y  home w i t h  no basement. Some o f  i t s  main o b j e c t i v e s  were1 : 
1 )  Low h e a t i n g  cos t s  - The b u i l d i n g  would be more h e a v i l y  
i n s u l a t e d  than  i s  now customary i n  home c o n s t r u c t i o n .  
2)  Reduced const ruct ion  c o s t s  - The basic s t r u c t u r e  would 
c o n s i s t  of a r e l a t i v e l y  sniall number of s tandardized p a r t s  
capable of mass production; e.g. t h e  f l o o r  would be constructed 
of fo r ty -e igh t  iden t i ca l  4 'x8 'x8" prefabr ica ted  sec t ions .  
3) Recyclabil i  t y  of ma te r i a l s  and labor  - Prefabricated sec t ions  
would be fastened t o  support  members using bo l t s .  This would 
permit e a s i e r  disassembly and more e f f i c i e n t  recovery of ma te r i a l s  
than i s  now possible.  
4 )  Transpor tab i l i ty  - The widest prefabr ica ted  sec t ions  would 
be 4 ' x 8 ' ,  e a s i l y  grouped together  and shipped by t r u c k ,  t r a i n  
o r  barge. 
5 )  Heat recovery by incoming v e n t i l a t i o n  a i r  - The windows 
would form v e r t i c a l  channels through which incoming a i r  would 
flow, picking up heat  being passed out through t h e  g l a s s .  A 
s i m i l a r  heat  exchanger was conterr~plated using the  e n t i r e  wall .  
The f i n a l  f l o o r  plan of  Solar  Habitat  One i s  shown in Figure 1 .  
As o r i g i n a l l y  designed, the heating system of Solar  Habitat  One 
consisted of  a 60,000 BTU/hr LP-Gas f i r e d  forced hot a i r  furnace. 
The crawl space under the  f l o o r  of the  one-story building was t o  be 
sealed off  from t h e  outs ide .  Hot a i r  from t h e  furnace would be fed 
t o  t h i s  crawl space ( o r  plenum chamber). A 1/2" s l o t  around the  
perimeter of the  l i v i n g  area  was intended t o  d i s t r i b u t e  t h e  heated a i r  
throughout the  h a b i t a t .  
This house was t o  be constructed using 2'x8" beams s e t  e i g h t  f e e t  
a p a r t  a s  a primary j o i s t .  A secondary j o i s t  of paired 2"x8" beams 

enclosed i n  4 ' x 8 '  sheets  o f  plywood would form t h e  main f l o o r .  The 
open areas between t h e  upper and l owe r  sheets  o f  plywood would be 
f i l l e d  w i t h  f i b e r g l a s  i n s u l a t i o n .  The r o o f  and w a l l s  were o f  s i m i l a r  
c o n s t r u c t i o n .  The o v e r a l l  dimensions o f  t h e  house were 3 2 l x 4 8 ' .  
Us ing  t h e  Department o f  A g r i c u l t u r e  g r a n t  p r e v i o u s l y  mentioned, 
Pro fessor  Johnson and h i s  a s s i s t a n t s  p r e f a b r i c a t e d  t h e  b a s i c  house 
s t r u c t u r e  be fo re  t h e  o v e r a l l  p r o j e c t  s t a r t e d .  
The New England Wind Furnace P r o j e c t  
2 The bas i c  concept behind t h e  NEWF p r o j e c t  was t h a t  a  l a r g e  
p o r t i o n  o f  t h e  energy r e q u i r e d  t o  hea t  a  home c o u l d  be p rov ided  by 
a  20 t o  40 kW wind gene ra to r  p laced 80'  above ground. 
The w i n d m i l l  would have t h r e e  b lades and an o v e r a l l  b lade  
d iameter  o f  32.5 fee t ,  p i t c h  c o n t r o l ,  and a  s t a r t - u p  speed o f  about  
5 mph. The f i r s t  model would reach  r a t e d  power a t  a  wind speed o f  
26.1 mph. 
Several  d e l i v e r y  systems o f  t h e  genera to r  energy ou tpu t  t o  t h e  
home were cons idered.  D i r e c t  connec t ion  o f  t he  genera to r  t o  e l e c t r i c  
baseboard convectors  o r  t o  e l e c t r i c  wa te r  h e a t e r s i n  s to rage  tanks were 
bo th  designed i n t o  t h e  h e a t i n g  system. I n  t h i s  second case heated 
water  from the  tank would be pumped through wate r  baseboard convectors .  
L a t e r  models were t o  i n c l u d e  a  hea t  pump and/or mechanical churn and 
s o l a r  c o l l e c t o r s .  A  domest ic h o t  wa te r  p rehea t i ng  o p t i o n  was a l s o  
i n t r oduced  t o  p e r m i t  use o f  t h e  wind genera to r  o u t p u t  d u r i n g  surrlmer 
nion t h s  . 
The s i z e  and comp lex i t y  o f  t h e  Wind Furnace P r o j e c t  and t h e  
b read th  of  e x p e r t i s e  i t  demanded made a  l a r g e  p r o j e c t  team and d e t a i l e d  
o r g a n i z a t i o n  e s s e n t i a l .  P ro fessor  W i l l i a m  E.  Heronemus, t h e  o r i g i n a t o r  
and P r i n c i p a l  I n v e s t i g a t o r  o f  t h i s  p r o j e c t ,  s e t  up an a d m i n i s t r a t i v e  
s t r u c t u r e  as shown i n  F i g u r e  2. B r i e f l y ,  t h e  emphasis o f  each group 
would be as f o l l o w s :  
00) P r o j e c t  Management and System I n t e g r a t i o n  - Coord ina te  work 
i n  progress and f u t u r e  p l ann ing  between groups, submi t  a l l  
r e p o r t s ,  budgets and a d m i n i s t r a t i v e  work r e q u i r e d  o f  t h e  
p r o j e c t .  
01) Suppor t  S t r u c t u r e s  - Design and i n s t a l l  t h e  suppor t  
s t r u c t u r e s  f o r  t h e  w i n d m i l l  and genera to r .  
02) Momenturn Exchange Devices - Conduct dynamic and aerodynamic 
analyses as requ i red ,  des ign  and i n s t a l l  w i n d m i l l  b lades, 
gear ing ,  power sha f t s ,  brakes, e t c .  
O?) E l e c t r i c a l  Systems, Sensors and C o n t r o l s  - Responsib le  f o r  
windni i l  1  genera to r ,  l o a d  c o n t r o l l e r  and p i t c h  c o n t r o l  l e r  
research,  des ign  and i n s t a l l a t i o n .  
04) Thermal and S o l a r  Components and Systems - Set  up computer 
s i m u l a t i o n  of a1 1  p r o s p e c t i v e  systems, des ign , purchase 
m a t e r i a l s  f o r  and i n s t a l l  each system, c o l l e c t  env i ronmenta l  
da ta  a t  b u i l d i n g  s i t e .  
05)  Manufactur ing Eng ineer ing  - Analyze system i n s t a l l a t i o n  
problems and t he  methods and t o o l s  r e q u i r e d  t o  s e t  up NEWFs 
i n  a  number o f  t y p i c a l  r e s i d e n t i a l  s i t u a t i o n s .  
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06) Commercial and F i n a n c i a l  - Examine t h e  market  p o t e n t i a l ,  
f i n a n c i n g  methods and c o m p e t i t i v e  aspects o f  a  NEWF 
i n d u s t r y .  
Th is  o r g a n i z a t i o n  was expanded and r e v i s e d  as needed d u r i n g  t h e  
progress o f  t h e  p r o j e c t .  A l so ,  a's w i l l  be d iscussed,  t h i s  r e p o r t  w i l l  
concen t ra te  on t h e  04 group, Thermal and S o l a r  Components and Systems. 
The Combined E f f o r t  
I n  t h e  s p r i n g  o f  1975 t he  NEWF p r o j e c t  group began work ing w i t h  
Pro fessor  Johnson i n  i n t e g r a t i n g  an a l t e r n a t i v e  h e a t i n g  system i n t o  
S o l a r  H a b i t a t  One. S ince  t h a t  t i m e  a  genera l  des ign  f o r  t h e  house 
and i t s  h e a t i n g  system has been developed. The o r g a n i z a t i o n a l  
s t r u c t u r e  o f  t h e  j o i n t  e f f o r t  was d e t a i l e d  and f i n a l i z e d  as shown i n  
F i g u r e  3. 
I t  soon became apparent  t h a t  t h e  H a b i t a t  des ign  would have t o  
be m o d i f i e d  t o  i n c l u d e  a  basement. The two major  reasons f o r  t h i s  
were a  need f o r  l a r g e  s to rage  tanks  and ex tens i ve  l a b o r a t o r y  
f a c i l i t i e s  a t  t he  b u i l d i n g  l o c a t i o n .  The b u i l d i n g  was o r i g i n a l l y  
in tended f o r  l o c a t i o n  a t  a  Ul4ass f a c i l i t y  some d i s t a n c e  f rom t h e  main 
campus. To f a c i l i t a t e  p u b l i c  access and f o r  b e t t e r  wind c o n d i t i o n s  
t h e  b u i l d i n g  s i t e  was changed t o  Orchard H i  11 on t h e  U n i v e r s i t y  o f  
Massachusetts Campus. The basement l a b o r a t o r y  f l o o r  p l a n  and s i t e  
p l a n  a r e  shown i n  F igu res  4 and 5. Wi th  t he  excep t i on  o f  t h e  hea t i ng  
systems, t h e  need f o r  n i o d i f i c a t i o n  o f  t h e  H a b i t a t  b u i l d i n g  was r e l a -  




A t  p resen t  t h e  f ounda t i on  and b u i l d i n g  a re  e s s e n t i a l l y  f i n i s h e d  
and t h e  i n t e r i o r  roonis a r e  be ing  f i n i s h e d .  The s o l a r  c o l l e c t o r  
loops and water  baseboard convec to rs  a re  i n  o p e r a t i o n .  The s i x t y  
f o o t  s tayed p o l e  on which t h e  w i n d m i l l  genera to r  w i l l  s tand has been 
r a i s e d  i n  a  t r i a l  r u n  and f i n a l  checkout  o f  t he  w i n d m i l l  genera to r  
and power t r a i n  a r e  nea r i ng  complet ion.  
Severa l  months were spent i n t e r f a c i n g  t h e  thermal  systems o f  t h e  
NEWF P r o j e c t  w i t h  those o r i g i n a l l y  in tended i n  S o l a r  H a b i t a t  One. 
The f i n a l  des ign o f  S o l a r  H a b i t a t  One/NEWF thermal  systems w i l l  be 
descr ibed  i n  d e t a i l  i n  chap te rs  I11 through V I  o f  t h i s  r e p o r t .  
F i g u r e  6, an a r t i s t ' s  concept ion,  shows t h e  combined s i t e  
l a y o u t  o f  So la r  H a b i t a t  One and t h e  New England Wind Furnace Machine. 
A r e c e n t  photograph o f  the  b u i l d i n g  w i t h  t h e  s o l a r  c o l l e c t o r s  i n  
p lace  i s  presented i n  F i g u r e  7. 


C H A P T E R  I 1  
OBJECTIVES 
The main purpose o f  t h i s  p r o j e c t  has been t o  des ign ,  purchase 
m a t e r i a l s  f o r ,  i n s t a l l ,  and check o u t  a  h e a t i n g  system f o r  S o l a r  
H a b i t a t  One u s i n g  t h e  o u t p u t  f r om  t h e  New England Wind Furnace 
P r o j e c t  25 kW wind genera to r  and 200 square f e e t  o f  s o l a r  c o l l e c t o r s .  
2  T h i s  200 f t  area  was l e s s  t han  d e s i r e d  b u t  t h e  p h y s i c a l  l a y o u t  o f  
* 
t h e  house prevented i n s t a l l a t i o n  o f  a d d i t i o n a l  c o l l e c t o r s .  T h i s  
system must be capable  o f  h e a t i n g  t h e  house u s i n g  a  number o f  
d i f f e r e n t  energy c o l l  e c t i o n  and d i s t r i b u t i o n  methods. 
S p e c i f i c  Ob jec t i ves  o f  t h e  P r o j e c t  
1 )  Design a  v e r s a t i l e  exper imenta l  h e a t i n g  system f o r  S o l a r  
3  H a b i t a t  One based on t he  r e s u l t s  of a  computer mode l ing  s t u d y  and 
t h e  p h y s i c a l  c o n s t r a i n t s  o f  t h e  house. 
2)  Procure  a l l  r e q u i r e d  ma te r i a l s .  and p a r t s  necessary t o  
assen-~ble a1 1  h e a t i n g  systems. 
3 )  I n s t a l l  h e a t i n g  systems i n  S o l a r  H a b i t a t  One. 
4 )  S e t  up and execute p r e l i m i n a r y  checkout  t e s t s  o f  each 
subsystem. 
5 )  Prepare and submi t  a  f i n a l  r e p o r t  ( t o  be used as a  
t e c h n i c a l  r e p o r t )  g i v i n g  complete  d e t a i l s  o f  systems, components, 
s w i t c h i n g  l o g i c  and i n s t r u m e n t a t i o n .  
Methods 
The means employed t o  ach ieve t h e  above o b j e c t i v e s  were 
as f o l l o w s .  
M u l t i p l e  Storage Tanks. As p r e v i o u s l y  shown i n  F i g u r e  4, f i v e  
water  s to rage  tanks were b u i l t  i n t o  t h e  basement o f  S o l a r  H a b i t a t  
One. These conc re te  tanks  have s to rage  c a p a c i t i e s  v a r y i n g  between 
500 g a l l o n s  ( t ank  A )  and 3500 g a l l o n s  ( t ank  B ) .  I n  a d d i t i o n  t o  be ing  
6 
a b l e  t o  a d j u s t  s to rage  s i z e ,  t h e  severa l  tanks  can be used f o r  
i n s u l a t i o n  economics exper iments .  For example, t h e  two 1000 g a l l o n  
tanks  (D  and E )  can be i n s u l a t e d  w i t h  d i f f e r e n t  m a t e r i a l s  and 
comparisons o f  t h e i r  performance versus c o s t  c h a r a c t e r i s t i c s  can be 
analyzed. 
Another  advantage o f  t h e  mu1 t i p l e  s to rage  i s  t h a t  i t  pe rm i t s  
o p e r a t i o n  o f  t he  s o l a r  c o l l e c t o r  l o o p  independent l y  o f  t h e  wind 
genera to r .  S o l a r  c o l l e c t o r  performance i s  a  s t r o n g  f u n c t i o n  o f  
4 c o l l e c t o r  wa te r  i n l e t  temperature . I f  bo th  t h e  wind genera to r  
and t he  c o l l e c t o r s  a r e  connected t o  t h e  same s to rage ,  t h e  more energy 
t h e  wind genera to r  c o l l e c t s ,  t h e  h i g h e r  t h e  tank  temperature w i l l  
r i s e  and t he  worse t h e  c o l l e c t o r s  w i l l  perform. With smal l  s to rage  
c a p a c i t y ,  one s imp le  way t o  a v o i d  t h i s  problem would be t o  use t he  
s o l a r  c o l l e c t o r  s to rage  f o r  home h e a t i n g  d u r i n g  t h e  day, and t h e  wind 
genera to r  s t o rage  f o r  h e a t i n g  a t  n i g h t .  
I n c l u s i o n  o f  Computer Resu l t s  i n  t h e  Design. The r e s u l t s  o f  a  
computer model ing study3 conducted by  t h e  thermal systems group 
i n d i c a t e d  t h a t  a  good wate r  s to rage  s i z e  f o r  S o l a r  H a b i t a t  One would be 
2000 g a l l o n s .  A  g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h i s  r e s u l t  i s  conta ined 
i n  F i g u r e  8. 
The most e f f i c i e n t  d e l i v e r y  system, accord ing  t o  t he  computer 
program, would use 100 l i n e a r  f e e t  o f  water  baseboard convec to rs .  
These r e s u l t s ,  and o t h e r s  y i e l dedb  f rom t h e  mathemat ica l  model were 
used f o r  t he  des ign  o f  t h e  S o l a r  H a b i t a t  h e a t i n g  system. 
Flow Rate V a r i a t i o n s .  A1 1  f l u i d  loops i n  t h e  s o l a r  c o l l e c t o r  
and water baseboard systems a r e  equipped w i t h  bypass va lves ,  p e r m i t t i n g  
v a r i a t i o n  o f  f l o w  above and below t h e  des ign ope ra t i ng  p o i n t  of each 
loop. Th i s  f e a t u r e  can be used t o  search f o r  optimum f lows under 
va r i ous  c o n d i t i o n s  and t o  more a c c u r a t e l y  s i z e  t h e  pumping requ i rements  
o f  each system. 
V a r i e t y  o f  Energy C o l l e c t i o n  and D e l i v e r y  Methods. The computer 
model ment ioned above showed a  poor  match between t h e  p e r i o d  o f  
h i g h e s t  h e a t i n g  demand and maximum wind genera to r  p r o d u c t i v i t y .  
Th i s  da ta  (summarized i n  F i g u r e  9 )  a l s o  r a i s e d  t h e  p o s s i b i l i t y  
t h a t  200 square f e e t  o f  s o l a r  c o l l e c t o r  c o u l d  b r i n g  t h e  h e a t i n g  
supply  and demand of t he  house much c l o s e r  t o  a  balance. Because o f  
t h i s  wind and s o l a r  h e a t i n g  systems were i n s t a l l e d  i n  S o l a r  H a b i t a t  
One. The presence of  bo th  systems a l s o  made s t u d i e s  p o s s i b l e  i n  t h e  
econoniic and e f f i c i e n c y  t r a d e - o f f s  between t h e  two methods o f  energy 
c o l l e c t i o n .  
A l though i t  d i d  n o t  appear v e r y  p rom is i ng  i n  terms o f  o v e r a l l  
energy u t i l i z a t i o n ,  1  i n k i n g  t h e  windmi 11 o u t p u t  d i r e c t l y  t o  e l e c t r i c  
r e s i s t a n c e  baseboard hea te rs  was cons idered.  As an independent system 
t h i s  had t he  drawback of no s to rage  c a p a b i l i t y .  However, a  d i s t i n c t  
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economic advantage i n  l o w e r  i n s t a l  l a t i o n  c o s t  c o u l d  be r e a l  i z e d .  
A  f u l l  s e t  o f  e l e c t r i c  baseboard c o n v e c t o r s  was i n c l u d e d  i n  t h e  
d e s i g n  i n  a d d i t i o n  t o  t h e  w a t e r  c o n v e c t o r s .  
Ava i  1  a b i  1  i ty  o f  Components. A m a j o r  expense i n  a1 t e r n a t i  ve 
energy  s y s t e n ~ s  i s  t h e  r e q u i  remen6 f o r  s p e c i a l  i z e d  equ i  pment t o  
p e r f o r m  s p e c i f i c  f u n c t i o n s .  W i t h  t h e  e x c e p t i o n  o f  t h e  s o l a r  c o l l e c t o r  
p a n e l s  and t h e  w i n d m i l l  assembly,  t h e  e n t i r e  h e a t i n g  sys tem o f  S o l a r  
H a b i t a t  One c o n s i s t s  o f  mass produced i t e m s  r e a d i l y  a v a i l a b l e  t h r o u g h  
r e t a i l  o u t l e t s .  I t  s h o u l d  be p o i n t e d  o u t  t h a t ,  i n  some cases,  
c o n v e n t i o n a l  equ ipment  i s  n o t  normal l y  o p e r a t e d  a t  NEWF d e s i g n  
s p e c i f i c a t i o n s .  Performance c a p a b i l i t i e s  o f  t h i s  equipment were 
e s t i m a t e d  a t  NEWF d e s i g n  p o i n t s .  F o r  example, w a t e r  baseboard 
convec to rs  aiee g e n e r a l l y  used a t  abou t  180°F b u t  t h e  H a b i t a t  con- 
v e c t o r s  needed t o  o p e r a t e  a t  s i g n i f i c a n t l y  l o w e r  average tempera tu res .  
U s i n g  b a s i c  h e a t  t r a n s f e r  p r i n c i p l e s ,  t h e  the rma l  systems g roup  
e x t r a p o l a t e d  c o n v e c t o r  d e s i g n  f i g u r e s  t o  t h e  l o w e r  t e m p e r a t u r e  and 
s p e c i f i e d  a d d i t i o n a l  h e a t e r  l e n g t h .  S i m i l a r  a d a p t a t i o n s  were i n v o l v e d  
i n  o t h e r  areas where i n t e r f a c i n g  between t h e  a l t e r n a t i v e  c o l l e c t i o n  
systems and c o n v e n t i o n a l  h e a t i n g  equ ipment  was a  prob lem.  
Goal s  
F l e x i b i l i t y  i n  energy c o l l e c t i o n ,  s t o r a g e  and d i s t r i b u t i o n  was 
des igned i n t o  S o l a r  H a b i t a t  One's h e a t i n g  capabi  1  i t i e s  wherever  
p r a c t i c a b l e .  Upon i t s  c o m p l e t i o n  t h i s  p r o j e c t  w i l l  have made a v a i l a b l e  
a  l a b o r a t o r y  f o r  t e s t i n g  s e v e r a l  d i f f e r e n t  methods o f  a l t e r n a t i v e  energy 
home heating. Thus, future  researchers a t  UMass wi 11  be able t o  
t e s t  the eff ic iency and econonlics of so la r  a n d  windpower heating 
using a  variety of corr~ponents a n d  component s izes .  
I t  i s  hoped t h a t  the Wind Furnace Project  will provide 
de f in i t i ve  information about the economic a n d  environmental value 
of a1 te rna t i  ve energy systems. The Habitat should give students 
a n d  the pub1 i c  an introduction t o  the pract ical  zspects of i n s t a l l a -  
tion and operation of these systems. 
C H A P T E R  1 1 1  
HEATING SYSTEM DESIGN 
The methods o f  h e a t i n g  S o l a r  H a b i t a t  One, as p r e s e n t l y  i n s t a l l e d ,  
can be broken down - in to  two p a r a l l e l  h e a t i n g  modes. They a r e  
r e f e r r e d  t o  i n  t h i s  r e p o r t  as t h e  a l t e r n a t i v e  system and t he  a u x i l i a r y  
system. The wind and s o l a r  energy c o l l e c t i o n ,  s to rage  and d i s t r i b u -  
t i o n  systenis f a l l  i n t o  t he  fo rmer  ca tegory .  The LP-Gas fu rnace  and 
; 
p e r i p h e r a l  a i r  d i s t r i b u t i o n  s l o t s  make up t h e  l a t t e r .  Th i s  chap te r  
w i l l  ou t1  i n e  the  o p e r a t i o n  o f  each h e a t i n g  system and w i l l  d e t a i l  
t h e  corr~ponents lised i n  a l t e r n a t i v e  energy h e a t i n g  t h e  H a b i t a t .  
The A l t e r n a t i v e  Heat ing  Systems 
A t  p resen t  t h e r e  a r e  f o u r  wind and s o l a r  powered systems 
i n s t a l  l e d  i n  t h e  H a b i t a t .  T h e i r  genera l  o p e r a t i o n  i s  desc r i bed  
below. 
~ b d e l  1A. ( F i g u r e  10) Th i s  model uses the  power produced by 
- 
a  nominal 25 kW genera to r  mounted i n  t h e  main frame o f  a  w i n d m i l l  
w i t h  i t s  c e n t e r  a x i s  60 f e e t  above ground. Power i s  f e d  t o  a  l oad  
c o n t r o l l e r  i n  t he  basement o f  SH-1. The Cent ra l  Con t ro l  System 
mon i t o r s  t h e  temperature i n s i d e  t h e  house. I f  t h e  windmi l  1  i s  
p r o v i d i n g  power and hea t  i s  r e q u i r e d  by t h e  house, t h e  c o n t r o l  system 
connects t h e  l o a d  c o n t r o l l e r  t o  a  s e t  o f  n i n e  10 '  e l e c t r i c  baseboard 
convec to rs  d i s t r i b u t e d  th roughout  t h e  b u i l d i n g .  I f  hea t  i s  n o t  needed 
the  c e n t r a l  c o n t r o l  system f e a t h e r s  the  w i n d m i l l  b lades and shu ts  down 
t h e  e l e c t r i c  f i e l d  i n  t h e  genera to r .  I f  t h e  wind genera to r  i s  n o t  

produc i  ug power and t h e  house temperature fa1  1  s  below accep tab le  
l e v e l  s, t he  aux i  1  i a r y  system takes over .  
Model 2. ( F i g u r e  11)  T h i s  approach i n c o r p o r a t e s  a  s to rage  
capab-i 1  i t y  i n t o  t h e  w i  ndnii 11 system. I ns tead  o f  be ing d e l  i vered 
d i r e c t l y  t o  e l e c t r i c  baseboard convec to rs ,  t h e  power o u t p u t  o f  t h e  
w i n d m i l l  i s  used t o  heat  wa te r  i n  a  concre te  s to rage  t ank  i n  t h e  
basement of S o l a r  H a b i t a t  One. Th i s  i s  accompl ished by f eed ing  
t h e  power o u t p u t  o f  t he  wind genera to r  t o  a  s e t  o f  e l e c t r i c  immersion 
hea te rs  i n  t h e  tank .  When t h e  wate r  temperature i n  t he  tank  r i s e s  
above 194°F the  c o n t r o l l e r  aga in  sends o u t  a  b lade  f e a t h e r  and zero  
f i e l d  s i g n a l .  When hea t  i s  r e q u i r e d  by  t h e  house and t h e  tank  
temperature i s  h i g h  enough, water  i s  c i r c u l a t e d  t h rough  wate r  base- 
board convec to rs .  I f  t h i s  i s  n o t  s u f f i c i e n t  t o  m a i n t a i n  d e s i r e d  
temperature l e v e l  s, t h e  aux i  1  i a r y  system i s  aga in  empl oyed. 
Model 3A. (F i gu re  12)  Th i s  system adds t h e  o u t p u t  o f  200 square 
f ee t  o f  s o l a r  c o l l e c t o r  t o  t h e  wate r  tank  of model 2. The s o l a r  
c o l l e c t o r  l oop  i s  a c t u a l l y  two separa te  f l u i d  c i r c u i t s .  
Because o f  t h e  danger of wa te r  f r e e z i n g  i n  t h e  c o l l e c t o r s  on 
w i n t e r  n i g h t s ,  t h e  c o l l e c t i o n  f l u i d  i s  a  60/40 s o l u t i o n  o f  propy lene 
g l y c o l  a n t i f r e e z e  and wate r .  Propylene g l y c o l  was chosen because i t  
i s  l e s s  t o x i c  than e thy lene  g l y c o l .  F i l l i n g  t h e  s to rage  tank  w i t h  
t h i s  s o l u t i o n  would be p r o h i b i t i v e l y  expensive,  so a  hea t  exchanger i s  
used between t he  c o l l e c t o r  f l u i d  and t h e  tank water.  A double- loop 
arrangement such as t h i s  e n t a i l s  some penal t i e s  i n  f i r s t - c o s t  and hea t  
t r a n s f e r  c o e f f i c i e n t s  b u t  i t  was f e l t  t h a t  t h i s  course was p r e f e r a b l e  


to constant circulation in winter, or system drainage or purging 
methods. A detailed discussion of th is  aspect of solar collection 
i s  presented in Reference 5. A different ial  thermostat i s  used t o  
control fluid flow on both side of the heat exchanger. This 
thermostat turns the pumps on whe'n the col lec tor ' s  fluid i s  20°F 
hotter t h a n  the t a n k  water and turns them off when th is  difference 
drops t o  3°F. This different ial  thermostat i s  independent of the 
switchiqg logic b u t  has no  mechanism to close the loop down when the 
tank terr~perature r ises  t o  194°F. 
Model 3B. (Figure 13) The one-tank storage of Model 3A has the 
drawback that  solar collector efficiency i s  a  function of storage 
water temperature while windmill power output i s  not .  As discussed 
previously, the contribution of the collectors could easi ly be 
reduced on days when the wind generator i s  performing well and the 
storage tank i s  a t  a  high temperature. For th i s  reason, capabili ty 
for  a  two-tank independent storage system has been provided. In 
th is  arrangement the solar collector loop heats one tank from which 
heat i s  drawn when needed. The e lec t r i c  i n e r s i o n  heaters are placed 
in a different  tank and t h a t  tank's water i s  used only when the 
collector tank i s  too cool t o  sa t i s fy  heating requirements. 
The Auxi 1 iary System 
The house, as originally designed by Professor Johnson, was a  
single story one-family dwelling with a  three foot crawl space between 
the main floor a n d  the ground. This crawl space was intended t o  be 
sealed off from the outside. Provisions for a  1/2" s l o t  were made 

around t h e  per imete r  o f  t he  main f l o o r  and an LP-Gas f i r e d  f o r ced -  
a i r  furnace was t o  be i n s t a l l e d  on t h e  main f l o o r .  Th i s  fu rnace  
would d i r e c t  heated a i r  - in to  t h e  c raw l  space, o r  "plenum chamber", 
and t he  a i r  would then r i s e  through t h e  s l o t s  around t h e  main f l o o r  
p e r i p h e r y  p r o v i d i n g  hea t  t o  t he  l i v i n g  area. 
As s o l a r  and w i  ndpowered h e a t i n g  systems were i n t e g r a t e d  i n t o  
t h e  H a b i t a t  p lans  i t  became apparent  t h a t  a  l a b o r a t o r y  area and 
severa l  water  s to rage  tanks would be needed a t  t h e  b u i l d i n g  s i t e .  
To meet these requi rements a  basement was added t o  t he  o r i g i n a l  
design. The e f f e c t  o f  t h i s  m o d i f i c a t i o n ,  i n  terms o f  t he  a u x i l i a r y  
h e a t i n g  systems, was t o  inc rease  t h e  s i z e  o f  t h e  plenum chamber f rom 
a  t h r e e - f o o t  c raw l  space t o  a  f u l l  basement. 
I n  i t s  p resen t  form, t h e  a u x i l i a r y  h e a t i n g  system i s  a  60,000 
BTU/hr LP-Gas f i r e d  f o r ced  h o t  a i r  fu rnace  which downdraf ts  i n t o  t h e  
basement. Th i s  a i r  from t h e  furnace d i r e c t l y  heats  t h e  basement and 
r i s e s  th rough s l o t s  around t h e  pe r ime te r  o f  t h e  main f l o o r  t o  hea t  
t he  l i v i n g  area.  Depending on system performance, f u t u r e  work may 
i n v o l v e  m o d i f i c a t i o n  o f  t h i s  h e a t i n g  d e l i v e r y  system. A  b a f f l e  p l a t e  
and a i r  duc t s  may be necessary t o  improve a i r  d i s t r i b u t i o n .  
A l t e r n a t i v e  Heat ing  Components 
Windmi l l .  E f f o r t s  concern ing  t h e  w i n d m i l l  frame suppor t  s t r u c t u r e ,  
b lades and genera to r  were handled by another  p a r t  o f  t h e  NEWF team. 
The generator ,  a  25 kW Lima Synchronous E x t e r n a l l y  Regulated t h r e e  
phase AC machine, was housed i n  a  main frame assembly designed and 
6 b u i l t  by t he  01 group. The t h r e e  b lades a r e  each 16 f e e t  l ong  and 
a r e  a t tached t o  t h e  hub w i t h  a  12.5 i n c h  s t e e l  s leeve.  The mast 7  
i s  made o f  10 i n c h  d iameter  3 /8  i n c h  w a l l  welded s t e e l  p i p e  and i s  
guyed by cab le  t o  f o u r  concre te  anchors. A d d i t i o n a l  i n f o r m a t i o n  on 
t h i s  aspect  o f  t he  p r o j e c t  can be ob ta i ned  f r om Reference 1,  2, 6, 
and 7. 
Load C o n t r o l l e r  a n d L e n t r a 1  Con t ro l  System. These i tems were 
designed and cons t ruc ted  by t h e  03 group. A d e t a i l e d  d i s c u s s i o n  
o f  t h e  l o a d  c o n t r o l l e r  i s  con ta ined  i n  Reference 8. The Sw i t ch ing  6 
Log i c  govern ing t h e  Cent ra l  Con t ro l  System i s  i nc l uded  as Appendix A. 
E l e c t r i c  Baseboard Convectors.  The n i n e  e l e c t r i c  baseboard 
convectors ,  each t en  f e e t  long,  were made w i t h  s l i g h t l y  d i f f e r e n t  
r es i s tances  than a r e  customary i n  home h e a t i n g  a p p l i c a t i o n s .  The 
normal r e s i s t a n c e  o f  these  hea te rs  (manufactured by Argo I n d u s t r i e s  
of B e r l i n ,  Conn. ) i s  3.07 Ohms p e r  1  i n e a r  f oo t  as compared w i t h  t he  
mod i f i ed  convector  r e s i s t a n c e  o f  3.18 Ohms per  l i n e a r  f o o t .  The 
r e s i s t a n c e  was changed so t h a t  t h e i r  c h a r a c t e r i s t i c s  and those o f  
t he  e l e c t r i c  immersion hea te rs  would be n e a r l y  i d e n t i c a l .  
The n i n e  convec to rs  t o g e t h e r  have t h e  c a p a b i l i t y  t o  t ake  t h e  
f u l l  25 kW ou tpu t  o f  t he  wind genera to r .  Th is  i s  cons ide rab l y  i n  
excess of t h e  wo rs t  des ign  p o i n t ,  70°F i n t e r i o r  temperature a t  O°F 
o u t s i d e  temperature.  The excess h e a t i n g  c a p a c i t y  p rov ides  a  means o f  
making up temporary decreases i n  1  i v i  ng area temperature.  
E l e c t r i c  Immersion he ate^. The p o r t a b l e  e l e c t r i c  immersion 
hea te rs  designed and cons t ruc ted  by  t he  03 group c o n s i s t  o f  twe l ve  
Sears e l e c t r i c  water  hea te r  elements i n  t h r e e  1  1/4"  ga lvan ized  s t e e l  
r i s e r  p i pes .  The complete assembly of one r i s e r  i s  shown i n  F igures  
14 and 15. Each r i s e r  con ta ins  two 4  kW and two 1.65 kW elements. 
Operated t oge the r ,  t he  t h r e e  r i s e r s  have t he  25 kW c a p a c i t y  r e q u i r e d  
t o  t r a n s f e r  the  maximum wind genera to r  ou tpu t  t o  whichever t ank  i s  i n  
use. 
Water Storage Tanks. The s to rage  tanks o f  S o l a r  H a b i t a t  One are 
l a i d  o u t  as p r e v i o u s l y  shown i n  F i g u r e  4. The e n t i r e  f ounda t i on  
i n c l u d i n g  a l l  tank w a l l s  i s  r e i n f o r c e d  concre te .  The i n t e r i o r  tank  
w a l l s  a r e  8" t h i c k  and the  f l o o r  i s  4". The sou th  w a l l  o f  t h e  basement; 
which forms t h e  r e a r  w a l l  o f  each tank i s  11" t h i c k .  There i s  3"  o f  
urethane i n s u l a t i o n  under t h e  basement f l o o r  and 2" o u t s i d e  t h e  w a l l s .  
There i s  a t  p resen t  no i n s u l a t i o n  on t h e  8" i n t e r i o r  w a l l s .  Th i s  i s  
mos t l y  due t o  economic and t e c h n i c a l  ass i s tance  c o n s t r a i n t s  on t he  
p r o j e c t .  
The tank  covers were b u i l t  as f o l l ows .  S i l l s  o f  Z"x6" beams 
were b o l t e d  on t op  o f  t h e  cement w a l l s  forming t h r e e  s i des  o f  t h e  tank. 
The 4 ' 3 "  between t h e  south w a l l  and t h e  midd le  o f  t he  tank  was covered 
w i t h  a  permanent p l a t f o r m  o f  2"x4" s tuds  covered on t o p  and bottom by 
3/4" plywood and packed w i t h  po lyure thane  board i n s u l a t i o n .  The 4 '  
span between t h e  p l a t f o r m  and t h e  f r o n t  w a l l  o f  t h e  tank  i s  covered 
by a  l i d  of s i m i l a r  c o n s t r u c t i o n  hinged t o  t h e  p l a t f o r m .  F igu re  16 
shows t h e  cover  f o r  tank  C i n  p lace .  
Water Baseboard Convectors.  The manufac tu re r ' s  i n f o r m a t i o n  con- 
c e r n i n g  water baseboard hea te r  per.formance dea ls  w i t h  the  normal 
o p e r a t i n g  range of 160-220°F. Us ing t h a t  da ta ,  an o v e r a l l  thermal 
2  conductance f o r  t h e  baseboard hea te rs  was es t imated  a t  1.43 BTU/hr f t  OF. 
r e a  
1 65 ?cW 4 kW 
Elements Elements 
Figure 1 4  - Electric Immersion Heater 


Assuming t h a t  in t h i s  case the  outside heat t r ans fe r  coef f ic ien t  
dominates heats t rans fe r  and t h a t  t h i s  coef f ic ien t  i s  proportional 
t o  the temperature gradient t o  the 1.25 power9 the performance curve 
of Figure 17 was calculated.  This curve f i t  the manufacturer's 
perforn~ance data very closely.  ~ n a l ~ t i c a l  modeling indicated t h a t  
the output of any more than 100' of baseboard convectors did not 
j u s t i f y  the  added expense involved. About 100' of e l ec t r i ca l  
baseboard heaters were already planned, so t o  prevent the l iv ing  
area walls from being f i l l e d  with heaters ,  a double-element water 
, baseboard heater was used. Interaction between the upper and lower 
elements reduced the expected iniprovenient in output from 100% to  50%. 
To compensate fo r  t h i s  and to  obtain zoned heating, these convectors 
were s e t  u p  in th ree  paral le l  loops. Such an arrangement, giving 
shor ter  flow paths f o r  the water and therefore a higher average 
temperature difference between the water and room a i r ,  provides an 
increase in heat over one 100' 1 ong loop. 
Water Convector Pumps. Head losses in the three water baseboard 
convector loops were calculated a t  seven, twelve and eighteen f e e t  of 
water a t  4 gallons per minute. Taco centrifugal pumps of 1/12, 1/8,  
and  1/8 hp were purchased t o  handle these three baseboard convector 
loops. Each pump was ins ta l led  with a bypass valve which permitted 
water t o  flow from the ou t l e t  of the pump t o  i t s  i n l e t .  This makes 
possible a wide var ia t ion of the flow through each loop fo r  purposes 
of experimentation. 
Solar Collectors. The s o l a r  co l lec tors  were manufactured by Dixon 
Energy Systen~s Inc. ,  Box 304, Conway, Mass. Each of the ten co l lec tors  

TABLE 1 
Es t imated  Baseboard Convector 
Performance (70°F L i v i n g  Area) 
Water Output  Output 
Temperature ( O F )  (Argo i n d u s t r i e s )  9 (04 Group C a l c u l a t i o n s  ) 
Data Data 
220 - 1 080 1079.0 
unspec i f i ed  (below 499.0 
normal o p e r a t i o n  
range) 424.0 
mounted on S o l a r  H a b i t a t  One i s  32" wide by 90" l ong  i n c l u d i n g  t he  
frame. The c o l l e c t i o n  su r f ace  i s  a  .013" copper sheet pa in ted  w i t h  
Nex te l  b l ack  p a i n t .  The c o l l e c t i o n  f l u i d  f l o w s  i n t o  a  314" O.D.  
copper header which d i s t r i b u t e s  i t  among s i x  318" O.D. v e r t i c a l  
tubes so ldered on t h e  copper sheet.  A  314" O.D.  copper header a t  
t h e  f o o t  o f  t h e  tubes c o l l e c t s  t h e  heated f l u i d  which then  f l ows  t o  
a  h e a t  exchanger i n  t h e  basement o f  SH-1. The copper sheet  i s  
covered by a  Ted la r  p l a s t i c  sheet and 118" pane o f  ASG tempered h i g h  
. 
t r a n s m i s s i v i t y  g l ass .  Two inches o f  Sping lass i n s u l a t i o n  a r e  p laced  
behind t h e  copper shee t  t o  c u t  down on hea t  losses .  Each c o l l e c t o r  
has a  114" purge va lve  a t  i t s  h i g h e s t  p o i n t  t o  c l e a r  t h e  l oop  o f  
a i r .  (See F i g u r e  7 )  
An a n a l y t i c a l  s tudy  lo o f  t he  c o l l e c t o r s  was c a r r i e d  o u t  u s i n g  
procedures desc r i bed  i n  Reference 4. The range o f  e f f i c i e n c i e s  f o r  
va r i ous  f l u i d  i n l e t  temperatures i s  shown i n  F igu re  18. 
Heat Exchanger. S e l e c t i o n  of a  hea t  exchanger i n v o l v e s  economic 
and thermal des ign t r a d e - o f f s .  The use o f  a  doub le - loop  c o l l e c t i o n  
5 system c a r r i e d  w i t h  i t  two b u i l t - i n  p e n a l t i e s  . I n  a  s i n g l e  l o o p  
system t h e  c o l l e c t o r  f l u i d  i s  drawn d i r e c t l y  f rom t h e  s to rage  t ank .  
I n  terms o f  hea t  t r a n s f e r  t h i s  c o u l d  be cons idered an i n f i n i t e  heat  
exchanger, i n  t h a t  t h e  f l u i d  i s  coo led  t o  t h e  temperature o f  the  tank .  
The ex i s tence  o f  a  hea t  exchanger i n  t h e  system induces a l o s s  i n  o u t -  
p u t  because of  t h e  r e a l  ( l e s s  than u n i t y )  e f fec t i veness  i n  the  exchanger. 
F a i l u r e  t o  draw a l l  hea t  p o s s i b l e  f rom t h e  f l u i d  causes t h e  second 
pena l t y ,  a  decrease i n  c o l l e c t o r  e f f i c i e n c y  because o f  h i ghe r  c o l l e c t o r  
4 i n l e t  temperatures . Fo r  maximum heat  exchanger e f f e c t i v e n e s s  (assuming 

approx in ia te ly  equal s p e c i f i c  hea t s )  t h e  r a t i o  o f  c o l l e c t o r  f l o w  t o  
t ank -s i de  f l o w  shou ld  be a  nl-in-irnurn. The s e l e c t i o n  process then  
became a  m a t t e r  o f  t r a d i n g  o f f  purr~ping power and hea t  exchanger c o s t  
a g a i n s t  f l o w r a t e  c a p a b i l i t y  and exchanger s u r f a c e  area. A t  f l ows  
above 25 g a l l o n s  p e r  m inu te  pump -costs acce le ra ted  r a p i d l y  and hea t  
exchangers were approaching t he  i n d u s t r i a l  a p p l i c a t i o n s  range and 
p r i c e  l e v e l .  Thus, a  25 gpm capac i t y ,  ( t ubes ide )  Young 303-Y-2P 
hea t  exchanger was se lec ted .  I t s  p r e d i c t e d  e f f ec t i veness  was c a l c u l a t e d *  
t o  be 75%. The f l o w r a t e  on t h e  c o l l e c t o r  ( s h e l l )  s i d e  i s  3 gpm ( . 3  
gplii pe r  c o l l e c t o r ,  as recommended by t h e i r  manufacturer ) .  For  a  tank  
temperature o f  130°F and c o l l e c t o r  o u t p u t  temperature o f  145°F t h e  
t ank -s i de  o f  t he  l oop  i s  expected t o  inc rease  1.8"F and t h e  c o l l e c t o r  
s i d e  decrease shou ld  be 11.25"F. F i g u r e  19 shows a  photograph o f  t h i s  
hea t  exchanger. 
D i f f e r e n t i a l  Thermostat.  A  Rho Sigma Model 102 D i f f e r e n t i a l  
-- 
Therniostat i s  used t o  opera te  the  c o l l e c t o r  f l ow loop.  The u n i t  
operates on t he  o u t p u t  of two temperature sensors, one measuring t he  
o u t l e t  temperature of t h e  s o l a r  c o l l e c t o r ,  t h e  o t h e r  sens ing  s to rage  
tank  temperature.  The normal a c t i o n  of t h e  thermos ta t  t u r n s  t h e  l oop  
on when t h e  c o l l e c t o r  f l u i d  i s  20" 2 3°F h ighe r  than  t he  s torage tank 
and t u r n s  i t o f f  when t h a t  d i f f e r e n c e  drops t o  3" f 1  OF. The l o s s  o f  
e f f i c i e n c y  i n  a  two l oop  systeni as d iscussed above may d i c t a t e  a  
change i n  these  ter r~perature d i f fe rences .  Exper imenta l  observa t ions  
w i l l  be made o f  t he  sys ten~ i n  ope ra t i on  t o  determine if m o d i f i c a t i o n  
of these ope ra t i ng  p o i n t s  i s  needed. A d e t a i l e d  d e s c r i p t i o n  o f  the  

work ing p r i n c i p l e s  o f  t h e  Rho Sigma D i f f e r e n t i a l  Thermostat i s  
con ta ined  i n  Reference 13. 
S o l a r  C o l l e c t o r  Pumps. The es t ima ted  head losses  i n  t h e  s o l a r  
c o l l e c t o r  and t a n k  hea te r  loops were 10 f e e t  a t  4 gpni and 42 f e e t  
a t  25 gpm r e s p e c t i v e l y .  Taco pumps of 1 /8  hp and 1 hp were purchased 
f o r  t h i s  a p p l i c a t i o n .  As was t h e  case w i t h  t h e  baseboard convec to r  
pumps, bo th  these pumps a r e  equipped w i t h  bypass va lves.  
Source and P r i c e  I n f o r m a t i o n  
A d e t a i l e d  source/cost  breakdown of  a l l  i tems used i n  t h e  
a1 t e r n a t i v e  energy h e a t i n g  system i s  i nc l uded  as Appendix 6, a  
summary o f  t h e  B i  11 o f  M a t e r i a l s .  
C H A P T E R  I V  
HEATING SYSTEM INSTALLATION 
Th is  chap te r  descr ibes  t he  sequence o f  i n s t a l l a t i o n  o f  each 
subsystem handled by t h e  04 (Thermal Systems) group. Dur ing  con- 
s t r u c t i o n  a1 1  t h e  systems were d e a l t  w i t h  s imu l t aneous l y  b u t  f o r  
c l a r i t y  t h e y  w i l l  be d e a l t  w i t h  independent l y  i n  t h i s  n a r r a t i v e .  
Tank Treatment 
The basement l a y o u t  i s  as shown i n  F i g u r e  4. The 2000 g a l l o n  
tank  was l i n e d  w i t h  a  w a t e r p r o o f i n g  agent,  Gaco- f lex  UWM-29T. T h i s  
1/16" urethane pas te  f - i l m  was e s p e c i a l l y  d i f f i c u l t  t o  app ly .  Because 
o f  t h e  danger o f  t o x i c  fumes, a l l  personnel work ing  i n s i d e  t h e  tank  
were r e q u i r e d  t o  wear an oxygen b r e a t h i n g  apparatus. The hoses 
l e a d i n g  i n  f rom o u t s i d e  t h e  tank  were cumbersome t o  deal  w i t h  and 
t he  pas te  adheres t o  c l o t h i n g  and people much b e t t e r  t han  i t  does t o  
c l ean  concre te  sur faces.  The tank  leaked s l i g h t l y  a f t e r  t h e  i n i t i a l  
a p p l i c a t i o n .  An a d d i t i o n a l  amount o f  pas te  was t hen  a p p l i e d  a long 
t he  seam between t h e  w a l l s  and f l o o r ,  e l i m i n a t i n g  t he  leakage problem. 
The remain ing  tanks  had been in tended f o r  s i m i l a r  t r ea tmen t  b u t  t h e  
obs tac les  encountered i n  c o a t i n g  t h i s  f i r s t  tank  caused t h e  04 group 
t o  change methods. One 1000 g a l l o n  t a n k  w i l l  now be waterproofed w i t h  
Kyanize Mo i s tu rpe l  wa te r  r e p e l l e n t  and Kyanize poo l  l a t e x  enamel p a i n t .  
The w a l l s  and f l o o r  o f  t h e  basement were poured i n  two separate 
ope ra t i ons  and i t  i s  suspected t h a t  t h i s  caused leakage areas where 
t h e  w a l l s  and f l o o r  come toge the r .  For t h i s  reason, t he  f l o o r - w a l l  
seam w i l l  be coa ted  w i t h  UWM-29T. T h i s  w i l l  be a  c o n s i d e r a b l y  
s i m p l e r  p rocedure  t h a n  p a s t i n g  t h e  e n t i r e  tank .  It i s  p lanned t o  
o p e r a t e  t h e  tanks  w i t h o u t  i n s u l a t i o n  and t h e n  t o  i n s u l a t e  them and 
compare t h e  economic t r a d e o f f  between f i r s t - c o s t  i n c r e a s e  ( i n s u l a t i o n  
expense) and t h e  l o n g  t e r m  e f f i c i ' e n c y  losses  o f  u n p r o t e c t e d  t a n k s .  
The tank  covers  d e s c r i b e d  i n  Chapter I 1 1  a r e  under c o n s t r u c t i o n .  
The one on t a n k  C (2000 g )  i s  complete  and covers  f o r  t a n k s  D and E 
a r e  b e i n g  b u i l t  a t  t h i s  t i m e .  
Sol  a r  Col  l e c t o r  System 
Schemat ics of  t h e  two l o o p s  used f o r  s o l a r  c o l l e c t i o n  a r e  
i n c l u d e d  i n  F i g u r e s  20 and 21. P i p i n g  diagrams o f  t h e  p o r t i o n  o f  each 
l o o p  c o n t a i n e d  i n  t h e  basenlent o f  SH- la reshown i n  F i g u r e s  22 and 23. 
A photograph o f  t h e  completed assembly i s  c o n t a i n e d  i n  F i g u r e  24. 
The m a n i f o l d  p i p i n g  necessary  t o  r u n  t h e  c o l l e c t o r s  w i t h  each 
s t o r a g e  t a n k  was i n s t a l l e d  f i r s t .  T h i s  1  1 /4"  nomina l  copper  t u b i n g  
was anchored t o  t h e  f l o o r  by d r i v i n g  1 /2 "  dowels i n t o  d r i l l e d  h o l e s  
i n  t h e  cement and f a s t e n i n g  s h e e t  n ie ta l  s t r a p s  around t h e  p i p e  and t o  
t h e  dowels u s i n g  wood screws. M i l i t a r y  s u r p l u s  v a l v e s  o b t a i n e d  f r e e  
b y  t h e  U n i v e r s i t y  were used i n  t h i s  l o o p .  I n  r e t r o s p e c t  t h i s  was 
unwise; a s  t h e  c o s t  o f  manu fac tu re  o f  bush ings needed t o  adapt  t h e  
v a l v e s  was a lmos t  as h i g h  as t h e  c o s t  o f  a  s e t  o f  v a l v e s  des igned f o r  
o u r  purposes. I f  l a b o r  i s  i n c l u d e d  i n  t h i s  a n a l y s i s  t h e  s u r p l u s  v a l v e s  
c o s t  more. The s o l a r  c o l l e c t o r  l o o p  p l a t f o r m  was t h e n  c o n s t r u c t e d  and 
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Figure  22 - Piping Diagram S o l a r  C o l l e c t o r  Loop 
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The s o l a r  c o l l e c t o r s  were mounted v e r t i c a l l y  on S o l a r  t labi  t a t  
One's south w a l l .  Each p a i r  o f  c o l l e c t o r s  i s  connected t o  a  
separate ro tameter  t o  assure more accura te  f l o w  d i s t r i b u t i o n .  The 
house had been p r e f a b r i c a t e d  before consol  i d a t i o n  o f  bo th  p r o j e c t s  
had been completed and the  o n l y  choices a v a i l a b l e  f o r  niounting 
t h e  c o l l e c t o r s  were on t he  r o o f ,  which has a  p i t c h  o f  8 degrees, 
o r  on t he  sou th  w a l l .  Framing t o  h o l d  t h e  c o l l e c t o r s  on t h e  r o o f  
a t  a  b e t t e r  angle would have t o  be s t u r d y  enough t o  s tand  w i n t e r  . 
storms, and so would be l a r g e  and u n s i g h t l y .  As t h e  predominant 
use o f  c o l l e c t i o n  would be i n  t h e  w i n t e r  t h e  c o l l e c t o r s  were s e t  
on t h e  south w a l l  where t h e  l osses  due t o  poor o p e r a t i n g  ang le  would 
be l e s s .  The windows o f  SH-1 do n o t  open and i n c l u s i o n  o f  an angled 
s t a g i n g  on t h e  south w a l l  would b l ock  t he  v iew f r om a l l  windows on 
t he  south w a l l .  Several  o f  t h e  windows would a l r e a d y  by p a r t i a l l y  
b locked  by  v e r t i c a l l y  mounted c o l l e c t o r s .  I n  s h o r t ,  some e f f i c i e n c y  
was s a c r i f i c e d  i n  favor  o f  r e d u c t i o n  i n  i n i t i a l  c o s t  and b u i l d i n g  
appearance improvement. 
Two i ns t rumen t  r i s e r s  were niade up t o  mon i t o r  tank c o n d i t i o n s  
f o r  i n s t r u m e n t a t i o n  and c o n t r o l  purposes. The th ree-sensor  r i s e r  i s  
in tended f o r  use i n  a l l  s i n g l e - t a n k  c o l l e c t i o n  systems. When two 
tanks a r e  used, as i n  Model 38, t h e  t h r e e  sensor r i s e r  i s  used i n  
the  c o l l e c t o r  tank  and t h e  two sensor r i s e r  i s  used i n  t he  w i n d m i l l  
tank.  Sketches o f  these  r i s e r s  a r e  con ta ined  i n  F i g u r e  26. The 
t h e m i i s t o r  probe p rov ides  t ank  temperature da ta  t o  t h e  c e n t r a l  c o n t r o l  
system. The thermocouple i s  connected t o  a  r e c o r d e r  which c o l l e c t s  
Figure 26 - Instrument Risers 
data on system operat ion during experimentation. The Di f fe ren t i a l  
Thermostat probe operates as  p a r t  of  the  s o l a r  c o l l e c t o r  system. 
Float  Valve System 
The f l o a t  valve c i r c u i t ,  Figure 2 7 ,  draws water from the  
domestic cold water supply t o  keep the  operat ing water tanks a t  
t h e i r  required l e v e l ,  making up f o r  evaporat ive losses .  A shutoff  
valve i s  i n s t a l  led above each f l o a t  valve t o  c lose  o u t  the f l o a t  
valves in empty tanks.  
All piping in  t h i s  loop i s  3/4" nominal copper tubing. 
Water Baseboard Convectors 
The water baseboard convector loops have a manifold system t o  
permit connection of these heaters  t o  any tank a s  does t h e  tank 
heater  loop. There a r e  th ree  separa te  loops of convectors,  each 
with i t s  own c i r c u l a t o r  pump. The basement, with 16 l i n e a r  f e e t  of 
convector, comprises one loop, the  main f l o o r  l iv ing  room has 16 
f e e t  of convectors and makes up the  second loop. The remainder of 
the  main f l o o r  (18 f e e t  of convectors) i s  the  t h i r d  loop. 
The manifold pipes bringing water t o  and from the th ree  loops 
a r e  1 f / 4 "  nominal copper tubing. The copper tubing i n  the three  
convector loops i s  3/4" nominal . 
Schematics and piping diagrams of t h e  baseboard loops a r e  
contained in Figures 28 and 29. 
The tank mixing loop uses the  same manifold a s  t h e  water base- 
board loop. Later  designs provide f o r  solenoid valves t o  be used in 
F i g u r e  27  - F l o a t  Va lve  C i r c u i t  





Figure 28 - Water Baseboard Convector Loops 

c o n j u n c t i o n  w i t h  t h e  111anual va lves  now used t o  open and c l o s e  
tank  r i s e r s .  When o p e r a t i n g  a  two-tank system ( c o l l e c t o r  ou tpu t  t o  
one s to rage  tank ,  w i n d m i l l  o u t p u t  t o  t h e  o t h e r )  and one t ank  reaches 
t h e  maxinlum temperature a 1  lowed (194°F) b o t h  se t s  o f  s o l e n o i d  va lves 
w i  11 open. The mix- ing pu~ilp w i  11 draw water  f r om and r e t u r n  i t  t o  
bo th  tanks  m i x i n g  w i l l  occur  i n  t h e  m a n i f o l d  l i n e .  It would have 
been more p r e f e r a b l e  t o  draw wate r  f rom one t ank  and r e t u r n  i t  t o  
t h e  o the r ,  b u t  t h i s  would cause a  change i n  water  volume un less  
accompanied by some means of r e t u r n  f l o w  ( e i t h e r  a  s iphon o r  pump). 
The d i f f e r e n c e  i n  t ank  water  l e v e l  makes a  s iphon i m p r a c t i c a l  and 
an a d d i t i o n a l  pump, new man i f o l ds  and t e n  more s o l e n o i d  va lves  were 
cons idered  t o o  expensive. The manual va lves  would be employed i n  
t h i s  sytem as ba lanc ing  va l ves ,  and would be p a r t i a l l y  c losed  as 
r e q u i r e d  t o  balance t h e  f l o w  r e s i s t a n c e  i n  each f l u i d  path,  p r e v e n t i n g  
m a l d i s t r i b u t i o n  o f  f l o w .  If, f o r  example, a  t ank  c l o s e  t o  t h e  m i x i n g  
pump needs t o  be mixed w i t h  one a t  t he  o t h e r  end o f  t h e  basement, 
t h e  c l o s e r  t a n k ' s  manual va l ves  would have t o  be p a r t i a l l y  c l osed  t o  
equal t h e  f l o w  r e s i s t a n c e  i n  t h e  l i n e s  l e a d i n g  t o  t h e  o t h e r  t ank .  
I n  t h i s  way an equal  amount o f  water  w i l l  be drawn f rom and re tu rned  
t o  each tank .  When t h e  so leno id  system i s  added, a  means o f  measuring 
t h e  f l o w r a t e  i n  each r i s e r  w i l l  be necessary.  
C H A P T E R  V 
OPERATION INSTRUCTIONS 
T h i s  c h a p t e r  d e t a i l s  checkout  and c a l i b r a t i o n  p rocedures  
f o r  each f l u i d  l o o p  i n  t h e  a1 t e r n a t i v e  h e a t i n g  system o f  S o l a r  
H a b i t a t  One. 
Sol  a r  Col l e c t o r  Loop 
To c a l i b r a t e  t h e  s o l a r  c o l l e c t o r  l o o p  f l o w m e t e r ,  a  hose i s  
r u n  f r o m  t h e  domest ic  c o l d  w a t e r  s u p p l y  t h r o u g h  a  c a l i b r a t e d  
r e f e r e n c e  f l  owmeter and i n t o  t h e  c o l l e c t o r  l o o p  c h a r g e / d r a i n  v a l v e  (S1). 
A second hose i s  r u n  f r o m  t h e  c a l i b r a t i o n  v a l v e  (S3) t o  t h e  basement 
d r a i n .  The dead head and s h u t o f f  v a l v e s  (S5 and S4) a r e  c l o s e d ,  
t h e  pump bypass v a l v e  and c a l i b r a t i o n  v a l v e  (S2 and S3) a r e  l e f t  open. 
The c o l d  w a t e r  s u p p l y  i s  t u r n e d  on and w a t e r  f l o w s  t h r o u g h  t h e  
r e f e r e n c e  and t h e  l o o p  f l o w m e t e r  i n  s e r i e s ,  and t h e  r e q u i r e d  compar ison 
i s  c a r r i e d  o u t .  
To check t h e  l o o p  f o r  l e a k s  t h e  f o l l o w i n g  p rocedure  i s  used: 
(1  ) Va lve p o s i t i o n s :  Purge v a l v e s ,  c a l i b r a t i o n  v a l v e ,  dead head 
v a l v e ,  pump bypass v a l v e  and c h a r g e / d r a i n  v a l v e  a r e  c l o s e ;  
S h u t o f f  v a l v e  open. 
( 2 )  Connect domes t i c  c o l d  w a t e r  s u p p l y  t o  t h e  c h a r g e / d r a i n  
v a l v e  and open i t. 
(3 )  Tu rn  on c i r c u l a t o r  pump ( p a r t i a l l y  open bypass v a l v e  t o  
ease l o a d  on t h e  pump). 
( 4 )  Open one pu rge  v a l v e ,  t h e n  c l o s e  i t  when w a t e r  b e g i n s  t o  
seep o u t .  Repeat t h i s  procedure u n t i l  t h e  a i r  i s  removed 
f rom a l l  c o l l e c t o r s .  When t h e  l o o p  i s  f u l l y  charged w i t h  
water ,  r u n  t h e  pump w i t h  t h e  c h a r g e l d r a i n  v a l v e  open and t h e  
dead head v a l v e  c losed .  Th is  w i l l  p u t  t h e  l o o p  under 21 
pounds o f  pressure.  I n s p e c t  f o r  leaks .  
To c a l i b r a t e  t h e  f i v e  c o l l e c t o r  f lowmeters ,  t h e  l o o p  must be 
charged w i t h  f l u i d  and c losed .  Turn on t h e  c i r c u l a t o r  and a d j u s t  
t h e  pump bypass v a l v e  f o r  . 6  gpm loop  f l ow ra te .  Close a l l  c o l l e c t o r  
f lowmeters b u t  t he  one be ing  c a l i b r a t e d  and a d j u s t  t h e  bypass v a l v e  
f o r  f l o w s  rang ing  fro111 .1 t o  . 6  gpm comparing t h e  read ing  o f  t he  
c o l l e c t o r  f l owmeter  t o  t h a t  o f  t he  l oop  f lowmeter .  To c a l i b r a t e  
p ressure  gauges a  s i m i l a r  procedure i s  used. Again s t r e e t  main 
water p ressure  i s  connected t o  t h e  c h a r g e l d r a i n  v a l v e  and a  known 
re fe rence  p ressu re  gauge i s  i n c l u d e d  i n  t h e  connec t ion  l i n e .  Open 
t h e  cha rge /d ra in  va lve ,  s h u t o f f  va l ve  and dead head va lve .  Th i s  w i l l  
p l ace  t h e  e n t i r e  l oop  and t h e  re fe rence  gauge a t  s t r e e t  main p ressure .  
There a r e  no p r o v i  s ions  f o r  c a l  i b r a t i n g  t h e  thermometers i n  t h e  va r i ous  
loops  o t h e r  t han  d r a i n i n g  t h e  l oop  and removing them. 
Approx imate ly  21 g a l l o n s  o f  a n t i f r e e z e  s o l u t i o n  i s  r e q u i r e d  t o  
fill t h e  c o l l e c t o r  loop. To charge the  loop ,  t h e  f l u i d  i s  p laced  i n  
a  l a r g e  p o r t a b l e  tank  and a  hose i s  r u n  from t h i s  tank  t o  t h e  charge/ 
d r a i n  va lve.  The dead head va l ve ,  r o tome te r  c a l i b r a t i o n  v a l v e  and 
a l l  purge va lves  a r e  c losed.  The s h u t o f f  va l ve  and pump bypass va l ve  
a r e  f u l l  open. The c i r c u l a t o r  i s  s t a r t e d  and t h e  bypass va l ve  i s  
p a r t i a l l y  c losed  t o  s t a r t  a  s low f low (about  112 gpm). A i r  pu rg ing  
i s  c a r r i e d  o u t  as descr ibed  above. 
Tank Heater Loop 
To cal ibrate  the tank heater loop rotameter, a reference flow- 
meter i s  connected between the domestic cold water supply and the 
i n l e t  charge/drain (T11) valve. All shutoff valves b u t  one return 
shutoff valve, are closed. Water then flows through the reference 
and the flowmeter in series permitting corr~parison of the two meters. 
To check t h i s  loop for  leaks, and to  cal ibrate  pressure gauges close 
1 
a l l  tank in le t  and out le t  valves and feed the domestic cold water 
supply (with a pressure gauge on the connecting l ine )  to the tank 
heater loop charge/drain valve. To charge the tank heater loop, 
domestic cold water i s  fed to the in le t  charge/drain valve with a l l  
shutoff valves closed except the in le t  and return shutoffs to the 
tank being used. With the domestic water l ine open, turn on the 
circulator ,  gradually closing the bypass valve for fu l l  flow. When 
more than 15 gallons per minute i s  flowing through the pump, i t  i s  
c lear  of a i r  locks. Close the i n l e t  charge/drain valve and the loop 
i s  operational. 
Collector System Operation 
The collector loop and tank heater loop operate simultaneously. 
The pump driving each system i s  controlled by the Rho Sigma Differential 
Thermostat which i s  independent of the Central Control System. When 
the sensor beneath collector #5 and the collector instrument r i s e r  are 
in position, switching the therlliostat to automatic will cause i t  t o  
operate a s  described in Chapter 111. Switching the thermostat to  
manual w i l l  s e t  t h e  c o l l e c t o r  system i n t o  o p e r a t i o n  r e g a r d l e s s  o f  
t a n k  o r  c o l  l e c t o r  f l u i d  tempera tu res .  
Water Baseboard Convec to r  Loops 
To c a l i b r a t e  a  l o o p  r o t a m e t e r ,  c l o s e  a l l  i n l e t  s h u t o f f  v a l v e s ,  
t h e  o u t l e t  d r a i n  v a l v e  and t h e  c h a r g i n g  s h u t o f f  v a l v e .  Connect a  
known r e f e r e n c e  f l  owmeter between t h e  domest i c  c o l d  w a t e r  s u p p l y  
and t h e  i n l e t  c h a r g e l d r a i n  v a l v e  (B11).  C lose a1 1  b a l a n c i n g  v a l v e s  A 
b u t  t h e  one on t h e  l o o p  t o  be c a l i b r a t e d .  Open one r e t u r n  s h u t o f f  
and r u n  wa te r  t h r o u g h  t h e  l o o p  t o  be c a l i b r a t e d .  Repeat t h i s  
sequence f o r  each o t h e r  r o t a m e t e r .  
To charge t h e  l o o p s  a  s i m i l a r  p r o c e d u r e  i s  used. Feed domes t i c  
c o l d  w a t e r  t o  t h e  i n l e t  c h a r g e l d r a i n  v a l v e  w i t h  a l l  s h u t o f f  v a l v e s  
c l o s e d .  Open t h e  i n l e t  c h a r g e / d r a i n  v a l v e  t o  t h e  t a n k  b e i n g  used 
and t u r n  on t h e  domes t i c  c o l d  w a t e r  l i n e .  T h i s  w i l l  c l e a r  any a i r  
o u t  o f , t h e  r i s e r .  C lose  t h e  i n l e t  s h u t o f f  v a l v e  and open t h e  r e t u r n  
v a l v e .  T h i s  w i l l  d r i v e  t h e  a i r  o u t  o f  each pump. C lose t h e  i r ~ l e t  
c h a r g e l d r a i n  v a l v e ,  open t h e  i n l e t  s h u t o f f  v a l v e  t o  t h e  t a n k  i n  use 
and t u r n  on t h e  pumps. Once f l o w  b e g i n s ,  t h e  l o o p  w i l l  c l e a r  o f  a i r  
i n  abou t  15 m i n u t e s .  
F l o a t  V a l v e  C i r c u i t  
To c h a r g e  t h i s  l o o p ,  open t h e  l o o p  s h u t o f f  v a l v e  and c l o s e  a l l  
t a n k  s h u t o f f  v a l v e s  b u t  t h e  t a n k  t o  be used. The l i n e  w i l l  c l e a r  
i t s e l f  o f  a i r  and t h e  b a l l c o c k v a l v e  w i l l  m a i n t a i n  t h e  w a t e r  l e v e l  as 
r e q u i r e d .  
To c a l i b r a t e  t h e  f l o a t  v a l v e  r e q u i r e s  a  two st.ep p rocedure .  
F i r s t  c a l i b r a t e  t h e  w a t e r  n ie te r  l e a d i n g  f r o m  t h e  s t r e e t  main t o  t h e  
house and t h e  meter  i rnn ied ia te ly  downstream o f  it. The o n l y  v a l v e s  
between t h e s e  mete rs  a r e  t h e  two o u t s i d e  f a u c e t s  and t h e  f l o a t  
v a l v e  c i r c u i t .  Ensure t h a t  t h e  basement s h u t o f f  v a l v e s  t o  t h e  f a u c e n t s  
a r e  c l o s e d  and tagged. A f t e r  c a l i b r a t i o n  o f  t h e  w a t e r  me te rs ,  f i l l  
t h e  t a n k  whose f l o a t  v a l v e  i s  t o  be c a l i b r a t e d  and l e t  t h e  b a l l c o c k  
v a l v e  s h u t  t h e  f l o w  o f f  a u t o m a t i c a l l y .  Then measure t h e  d i f f e r e n c e  
i n  w a t e r  passed t h r o u g h  t h e  two c a l i b r a t e d  w a t e r  me te rs .  
C H A P T E R  V I  
FUTURE MODIFICATIONS AND RECOMMENDATIONS 
F i n a n c i a l  c o n s t r a i n t s  caused t h e  postponement o f  severa l  
system o p t i o n s  f o r  a l t e r n a t i v e  h e a t i n g  o f  S o l a r  H a b i t a t  One. 
The f i r s t  p o r t i o n  o f  t h i s  chap te r  d iscusses t h e  t e n t a t i v e  des ign 
o f  these sys terns. 
As c o n s t r u c t i o n  o f  t h e  H a b i t a t  neared comple t ion  i t  became 
apparent t o  members o f  t h e  Thermal Systems group t h a t  some p o r t i o n s  
o f  t h e  a1 t e r n a t i v e  h e a t i n g  system des ign  needed modi f i c a t i o n .  The 
second p a r t  o f  t h i s  chap te r  dea l s  w i t h  recommendations f o r  remedia l  
a c t i o n  on these des ign p o i n t s .  
M o d i f i c a t i o n s  
Domestic Hot Water Preheate r .  ( F i g u r e  30) Wi thout  an a i r  
c o n d i t i o n i n g  capabi 1  i t y  t h e  NEWF power o u t p u t  i s  wasted d u r i n g  surnmer 
months. One means o f  u s i n g  some o f  t h i s  s u r p l u s  c a p a b i l i t y  i s  t o  
p rov ide  a  p rehea t i ng  o f  domest ic h o t  wa te r  se rv i ce .  Most o f  t h e  
t ub ing ,  i n s u l a t i o n  and fas teners  were ob ta ined  f o r  t h i s  loop ,  b u t  
purchase o f  t h e  h e a t e r  c o i l  was de fe r red  due t o  f i n a n c i a l  problems. 
The p resen t  p l an  i s  t o  feed t h e  domest ic h o t  water  h e a t e r  w i t h  3/4" 
nom. copper t u b i n g  l e a d i n g  f r om t h e  c o l d  wate r  supp ly  through t h e  
hea te r  c o i l  and i n t o  t h e  wate r  hea te r .  Drawing wate r  d i r e c t l y  f rom 
the  heated tank was n o t  a t tempted because i t  would have r e q u i r e d  an 
a d d i t i o n a l  pump and would have caused problems i n  m ix ing .  I f  t h e  
wate r  t ank  was heated t o  a  temperature h i ghe r  than  140°F t h e  m i x i n g  
1 C o l d  3/411 : s o l d e r  x f e m a l e  f i t t i n g s  
s o l d e r  x male 
Wate. Ll r Storaqe  Tal 
3/4" s o l d e r  x female  P i t t i n g <  j I w - m s  
t e r  
m @ m i x i n g  valve 
Figure 30 - Hot Water Preheat Loop 
Domestic 
H o t  
Water 
va l ve  would go i n t o  ope ra t i on .  Commercial ly a v a i l a b l e  m ix i ng  
va lves  a r e  genera l  l y  designed t o  ope ra te  w i t h  bo th  f l u i d  streams 
a t  t h e  same pressure.  As t h e  system i s  now planned t h i s  c r i t e r i o n  
i s  met b u t  i f  a  separate pump were i n  use as i s  necessary t o  draw 
h o t  wa te r  f r om t h e  s to rage ,  a  p r e i s u r e  mismatch would occur .  S e t t i n g  
t h e  purrip t o  s t r e e t  main p ressure  would n o t  s o l v e  t h e  problem, as 
s t r e e t  main p ressure  v a r i e s  d u r i n g  t h e  day w i t h  d2mand. A  so leno id  
operated bypass v a l v e  c o n t r o l  l e d  by a  p ressure  sensor would keep 
the  two pressures equal ; i t  would a1 so c o s t  more than t h e  corr~bined 
t o t a l  o f  t h e  r e s t  o f  t h e  h o t  wa te r  p reheat  loop.  
s Two Tank So leno id  System. To implement model 3-B now would 
r e q u i r e  manual c o n t r o l .  To ach ieve  t h e  o b j e c t i v e  o f  model 3-B, 
improved c o l l e c t o r  e f f i c i e n c y ,  au tomat ic  c o n t r o l  i s  e s s e n t i a l .  To 
a l l o w  t h e  m i x i n g  process desc r i bed  i n  Chapter I V  t o  t ake  p lace ,  
i n c r e a s i n g  t he  s to rage  p o t e n t i a l  o f  t h e  two-tank system, au tomat ic  
c o n t r o l  i s  aga in  necessary. The drawback i n  i n s t a l  l a t i o n  o f  so leno id  
va lves was s o l e l y  economic. Wi th  f i v e  tanks,  each w i t h  two r i s e r s ,  
t e n  so leno id  va lves  would be needed t o  r u n  model 3-B over  a  wide 
range of s t o rage  s i z e s .  Reviews o f  seve ra l  manufac tu re rs '  p roduc t  
l i n e s  showed t h a t  most so leno id  va lves  f o r  wa te r  a p p l i c a t i o n s  have 
maximum des ign  temperatures of 180°F, 14OF below NEWF maximum s to rage  
o p e r a t i n g  temperatures. D iscuss ions  w i t h  these  manufacturers  revea led  
t h a t  so leno id  va lves  s u i t a b l e  f o r  t h e  NEWF system would c o s t  more than 
$100 each. I n  terms of t h e  p r o j e c t ' s  f i r s t  y e a r  f inances  t h i s  c o s t  
was p r o h i b i t i v e .  
Heat WasQy. One o f  t h e  o b j e c t i v e s  o f  t h e  New England W-ind 
Furnace P r o j e c t  was t o  demonstrate t h e  c a p a b i l i t y  o f  a  wind genera to r  
o f  g i ven  h e i g h t  and b lade d iameter  t o  hea t  a  home. Papers and 
a r t i c l e s  based l a r g e l y  on computer program r e s u l t s  have been generated 
by IdEWF p r o j e c t  personnel t o  j u s t i f y  con t inued  e f f o r t s  i n  t h i s  
f i e l d .  I t  would be a  d e f i n i t e  asse t  t o  t he  p r o j e c t  t o  be a b l e  t o  
del l ionstrate t h a t  a  NEWF machine i s  capable o f  deve lop ing  some c e r t a i n  
ou tpu t  as opposed t o  sugges t ing  i t  can because o f  mathematical  
model ing r e s u l t s .  Th i s  was t h e  j u s t i f i c a t i o n  behind t h e  hea t  
waster system. The concept  was t o  ope ra te  t h e  w i n d m i l l  a t  a l l  t imes 
and i n s t e a d  o f  e l i m i n a t i n g  i t s  o u t p u t  when n o t  needed, t h e  excess 
power would be d i s s i p a t e d  th rough a  h e a t  exchanger t o  t h e  environment.  
An economical means o f  s e t t i n g  up such a  hea t  exchanger was n o t  
found and so t h e  h e a t  waster  was t e m p o r a r i l y  s e t  as ide.  
Recommendations 
The suggest ions ment ioned here a r e  in tended t o  s i m p l i f y  and 
" c l ean  up" t h e  des ign  o f  t he  a l t e r n a t i v e  h e a t i n g  systems o f  SH-1, 
reduce t h e  c o s t  o f  these systems, o r  t o  improve performance. 
Tank Man i fo ld  Systems. 1  114" nom. copper man i f o l ds  a r e  p r e s e n t l y  
used t o  draw water  f r om s to rage  tanks t o  t h e  wa te r  baseboard and tank  
hea te r  loops.  These man i fo lds  a r e  anchored t o  t h e  basement f l o o r  and 
draw water  f rom t h e  tanks by means o f  s i x - f o o t  h i gh  r i s e r  p ipes .  
Inexpensive b racke ts  c o u l d  be cons t ruc ted  which would be a t tached t o  
the  4 '  x  4"  s l o t  a top  each tank .  The b racke ts  c o u l d  be used t o  h o l d  
t h e  man i f o l ds  f o u r  f e e t  above t h e  f l o o r  as shown i n  F i g u r e  31. 
Th i s  would e l i m i n a t e  t h e  need f o r  80' o f  1  1/4" copper t u b i n g  and 
i t s  i n s u l a t i o n .  It would p r o v i d e  b e t t e r  access t o  t h e  man i f o l ds  
f o r  r e p a i r s  on s o l d e r  j o i n t s  and d r a i n i n g .  Wi th  j u d i c i o u s  c u t t i n g  
o f  t h e  e x i s t i n g  r i s e r s ,  a  minimal- amount o f  a d d i t i o n a l  s t ock  would 
be r e q u i r e d  t o  mod i f y  t he  p resen t  i n s t a l l a t i o n .  The man i f o l ds ,  as 
t e n t a t i v e l y  designed cou ld  be s tacked ad jacen t  t o  each o t h e r  i n s t e a d  
o f  hav ing  a  gap between t h e  p a i r s  caused by t h e  d r a i n  manholes. 
Assuming t h e  basement i s  k e p t  a t  a  reasonable temperature (about  
70°F) d u r i n g  t h e  w i n t e r ,  t h e  hea t  l o s s  th rough t h e  i n s u l a t i o n  w i l l  
be l e s s  t han  if i t  were fas tened  t o  t h e  45°F concre te  f l o o r .  
Apar t  from t h e  f u n c t i o n a l  advantages o f  g e t t i n g  t h e  man i f o l ds  
o f f  t h e  f l o o r ,  t h e r e  would be a  s e l l i n g  p o i n t  i n  n o t  hav ing  such an 
i n t i m i d a t i n g  a r r a y  o f  s tandp ipes  c o n f r o n t i n g  p r o s p e c t i v e  s o l a r  home 
owners. 
Tank Heate r  Bypass. A t  p resen t  t h e  s o l a r  c o l l e c t i o n  system i s  
independent o f  a l l  o t h e r s .  It i s  suggested t h a t  t h e r e  be a  two way 
so leno id  v a l v e  i n s t a l l e d  between t h e  o u t l e t  o f  t h e  hea t  exchanger 
( t ank  h e a t e r  s i d e )  and t h e  wa te r  baseboard i n l e t  man i f o l d .  I n  t h i s  
way heated water  cou ld  be passed d i r e c t l y  t o  the  l i v i n g  area when 
needed, Th i s  would i n  e f f e c t  s i m u l a t e  systems which t ake  advantage 
o f  tank  s t r a t i f i c a t i o n .  The h i g h e r  temperature wate r  c i r c u l a t e d  
through t h e  baseboard convec to rs  would c u t  down on t h e  pumping power 
r e q u i r e d  t o  hea t  t h e  house by decreas ing  t h e  amount o f  t i m e  t h e  
pumps must be ope ra t i ng .  

Auxi 1  i a r y  Hea t i ng  System. The LP-Gas aux i  1  i a r y  system was 
o r i g i n a l l y  designed t o  opera te  w i t h  a  3 '  c rawl  space under t he  main 
f l o o r  se rv i ng  as a  plenum chamber. The a d d i t i o n  o f  t h e  basement 
has somewhat compl icated t he  f l o w  a n a l y s i s .  P r e l  i m i n a r y  c a l c u l a t i o n s  
show t h a t  an 84°F basenlent ten ipetature i s  needed t o  keep t h e  main 
f l o o r  a t  70°F. Th i s  g r a d i e n t  i s  necessary t o  p rov ide  a  convec t i on  
c u r r e n t  s t r o n g  enough t o  f o r c e  a i r  up th rough t he  pe r ime te r  s l o t s  
between t h e  basement and main f l o o r .  I n  t he  o r i g i n a l  system t h e  
p ressure  induced i n  t h e  plenum chamber by t h e  fu rnace  fan  produced 
the  necessary a i r  f l ow .  
I f  m a l d i s t r i b u t i o n  becomes apparent,  d u c t i n g  i s  t h e  most 
obvious and cheapest sho r t - t e rm  s o l u t i o n .  The presence o f  water  
baseboard convectors ,  however, suggests a  b e t t e r  a l t e r n a t i v e .  
I n t e g r a t i o n  o f  bo th  h e a t i n g  methods (a1 t e r n a t i v e  and aux i  1  i a r y )  
i n t o  one de l  i v e r y  system would make f o r  a  much c l eane r  des ign.  A lso,  
t h i s  would save t h e  c o s t  o f  a  second d e l i v e r y  system i n  any economic 
a n a l y s i s  of t h e  va r i ous  h e a t i n g  combinat ions a v a i l a b l e  i n  SH-1. I t  
i s  r e i t e r a t e d  here  t h a t  t h e  d o u b l e - t i e r e d  water  baseboard convec to rs  
were i n s t a l l e d  t o  compensate f o r  low l i n e  temperatures. A t  normal 
hea t i ng  ranges (160-200°F) such as t h e  LP-Gas aux i  1  i a r y  water  hea te r  
would 'prov ide these a r e  heavy d u t y  u n i t s  (see Table 1  ) .  
BIBLIOGRAPHY 
1. Heronemus, W. E. ,  1975, " I n v e s t i g a t i o n  o f  t h e  F e a s i b i l i t y  o f  
Us ing  Windpower f o r  Space Hea t i ng  i n  Co lder  Cl imates, "  T h i r d  
Q u a r t e r l y  Repor t ,  New England Wind Furnace P r o j e c t  (Appendix V I ) .  
2. Heronernus, W.E., 1974, "Development o f  t h e  New England Wind 
Furnace," Research p roposa l  'submit ted t o  t h e  N a t i o n a l  Sc ience 
Foundat ion.  
3. IYcGowan, J.G., Heronernus, W.E., and D a r k a z a l l i ,  G . ,  1975, "Wind 
and S o l a r  Combinat ions f o r  Space Heat ing , "  10 th  I n t e r s o c i e t y  
Energy Conversion Eng inee r i ng  Conference, Del aware. 
5 
4. D u f f i e  and Beckrnan, SOLAR ENERGY THERMAL PROCESSES, J.L. Wi ley  
and Sons Pub1 i s h e r s ,  N.  Y .  , N. Y .  , 1974. 
5. dew in te r ,  F. ,  1975, "Heat Exchanger P e n a l t i e s  i n  Double- loop 
S o l a r  Water Hea t i ng  Systems," SOLAR ENERGY, Vol .  17, pp. 335-337. 
6. Heronernus, W.E., 1975, " I n v e s t i g a t i o n  of  t h e  F e a s i b i l i t y  o f  Us ing  
Windpower f o r  Space Hea t i ng  i n  Co lder  Cl imates, "  Second Q u a r t e r l y  
Repor t ,  New England Wind Furnace P r o j e c t  (Appendix V I )  . 
7. Cromack, D.E., 1976, "The UMass S o l a r  H a b i t a t  and t h e  New England 
Wind Furnace," Paper p resen ted  a t  t h e  New England Conference on 
Energy i n  A g r i c u l t u r e ,  May 3-4, 1976, U n i v e r s i t y  o f  New Hampshire, 
Durham, New Harnps h i  r e .  
8. Heronernus, W.E. , 1975, " I n v e s t i g a t i o n  o f  t h e  F e a s i b i l i t y  o f  Us ing  
Windpower f o r  Space Hea t i ng  i n  Co lder  C l imates , "  Fou r t h  Q u a r t e r l y  
Repor t ,  New England Wind Furnace P r o j e c t  (Appendix V I I )  . 
9. McAdarns, W.H., HEAT TRANSMISSION, 3 r d  E d i t i o n ,  McGraw-Hi l l  Book 
Co., N . Y . ,  N.Y., 1954. 
10. D a r k a z a l l i ,  G . ,  " S o l a r  and Wind Home Hea t i ng  and Domestic Ho t  
iJater  System: An Energy and Economics Study,"  Ph.D. Thes is  ME, 
U n i v e r s i t y  o f  Massachusetts,  Amherst, MA 01002, F a l l  1976. 
11. Sabersky, Acosta and Hauptmann, FLUID FLOW - A FIRST COURSE Ii i 
FLUID MECHANICS, 2nd E d i t i o n ,  McM i l l an  Co., N . Y . ,  N.Y., 1971. 
12. K r e i t h ,  F., PRINCIPLES OF HEAT TRANSFER, 3 r d  E d i t i o n ,  I n t e x t  
Educa t iona l  Pub l i she rs ,  N .Y . ,  N.Y., 1973. 
13. Sch les inger ,  R.J., 1976, "Opera t ing  Cyc le  f o r  a  T y p i c a l  S o l a r  
Hea t i ng  System," SOLAR ENGINEERING, February/March 1976, pp. 26-28. 
14. Heronemus, W.E., 1975, " S w i t c h i n g  L o g i c  UMass. Wind Furnace 
Exper iment,"  Un i  v e r s i  t y  of Massachuset ts ,  Amhers t , MA 01 002. 
A P P E N D I X  A 
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( R e v i s i o n  df R e f e r e n c e  14)  
SWITCHING LOGIC, NIND FURNACE EXPERIMENT REVISION 2. ,  9-75 
- -- 
SWITCHING LOGIC, Model 1 - A :  F i g u r e  32 
1. Assume WIND GENERATOR has WINDPOWER t o  d e l i v e r .  I f  TH-1 68F, 
LOAD SWITCH connects bJINDPOWER t o  BASEBOARD ELECTRIC, s tepp ing  
th rough i t s  increnlents o f  i tTcreas ing l o a d  r e s i s t a n c e  as commanded 
by t h e  PRIlilARY CONTROL SIGNAL. 
2. I f  TH-1 > 72F, LOAD SWITCH d isconnec ts  BASEBOARD ELECTRIC f rom 
WTNDPOWER, LOGIC c l oses  SW-1 sending t h e  commend BLADE FEATHER 
and ZERO FIELD t o  WIND GENERATOR. 
3. I f  TH-A < 65F, TH-A w i l l  a c t i v a t e  e i t h e r  t h e  L.P. Gas A u x i l i a r y  
Furnace o r  t h e  Wood Burn ing  A u x i l i a r y  Furnace t o  supp ly  h e a t i n g  
t o  HOUSE. The s e l e c t i o n  between t h e  a u x i l i a r y  furnaces w i l l  be 
made by manual s w i t c h i n g  between t h e  two furnaces.  When TH-A 
r i s e s  t o  above 68F, f u rnace  w i l l  shu t  down. 
4. The WINTER-SUMMER MANUAL SWITCH (SW-W/S) w i l l  p e r m i t  i s o l a t i o n  o f  
BASEBOARD ELECTRIC from LOAD SWITCH and cont inuous BLADE FEATHER 




SWITCHING LOGIC, Model 1-B, Wi th  Dump Tank: F i g u r e  33 
1. Assur~ie WIND GENERATOR has WINDPOWER t o  d e l i v e r .  I f  TH-1 2 68F, 
LOAD SWITCH connects  BASEBOARD ELECTRIC, s t e p p i n g  t h r o u g h  i t s  
incrernents  o f  i n c r e a s i n g  1 oad r e s i s t a n c e  as commanded by t h e  
PRIWRY CONTROL SIGNAL. 
2. I f  TH-1 > 72F, and if TH-2 < 190F, LOAD SWITCH connec ts  WINDPOWER 
t o  DUMP TANK IMIllERSION HEATERS. 
3. Whenever TH-1 > 72F and TH-2 > 194F, 
( a )  SIJ-1 i s  c l o s e d ,  t h u s  send ing a FEATHER and ZERO FIELD corr~nland 
t o  t h e  WIND GENERATOR, o r  
( b )  SW-2 i s  c l o s e d ,  s t a r t i n g  t h e  c i r c u l a t i n g  pump i n  t h e  HEAT 
WATER SYSTEM. 
Note :  T h i s  d u a l  c a p a b i l  i t y  i s  p r o v i d e d  f o r  e x p e r i m e n t a l  
purposes o n l y .  Manual s e l e c t o r  s w i t c h e s  w i  11 d e t e r m i n e  
whether t h e  SW-1 o r  t h e  SW-2 mode i s  t o  be used. 
4. The LOGIC i n  t h e  LOAD SWITCH w i l l  m o n i t o r  TH-1 and TH-2 c o n t i n u a l l y .  
When TH-2 d rops  t o  190F, SW-1 and SW-2 w i l l  be opened p e r m i t t i n g  
WINDPOWER t o  a g a i n  d e l i v e r  t o  LOAD SWITCH. LOGIC w i l l  m a i n t a i n  t h e  
c o n n e c t i o n  between LOAD SWITCH AND DUMP TANK IMMERSION HEATERS u n t i l  
TH-1 68F. Whenever TH-1 68F LOAD SWITCH w i l l  s t e p  back t o  
connec t  WINDPOWER t o  BASEBOARD ELECTRIC. 
5. If a t  any t i n ie  TH-A < 65F, TH-A w i l l  a c t i v a t e  e i t h e r  L .P.  GAS AUX. 
FURNACE o r  WOOD BUREIING AUX. FURNACE t o  s u p p l y  h e a t i n g  t o  HOUSE. 
The s e l e c t i o n  between t h e  a u x i  1 i a r y  f u r n a c e s  w i l l  be made b y  
manual s w i t c h i n g  between t h e  two fu rnaces .  When TH-A r i s e s  t o  
above 68F, f u r n a c e  w i l l  s h u t  down. 
6. The WINTER-SUivlNER MANUAL SWITCH (SW-W/S) w i  11 pe rm i t  i s 0 1  a t  i o n  
o f  BASEBOARD ELECTRIC from LOAD SWITCH a t  those t imes  when 
h e a t i n g  i s  n o t  d e s i r e d  i n  t h e  HOUSE. When SW-W/S i s  thrown t o  






SWITCHING LOGIC FOR WIND FURNACE EXPERIMENT Model 2 - Wi th  One 
Heat Source,  Thermal S to rage ,  and I n p u t  t o  Domest ic Ho t  Water: F i g u r e  34 
1. Assume WIND GENERATOR has WINDPOWER t o  d e l i v e r .  I f  TH-2 < 190F, 
LOAD SWITCH connects  WINDPOWER t o  IMMERSION HEATERS, s t e p p i n g  
t h r o u g h  i t s  i nc rements  o f  i n c r e a s i n g  l o a d  r e s i s t a n c e  as  conlanded 
by  t h e  PRIMARY CONTROL SIGNAL. I f  TH-2 2 72F, and TH-1 < 68F, 
LOGIC a l s o  c l o s e s  SW-3, c a u s i n g  pump P-2 t o  c i r c u l a t e  w a t e r  f rom 
THERqAL STORAGE t o  BASEBOARD CONVECTORS. 
. 
2. If TH-2 reaches o r  exceeds 194F, LOGIC c l o s e s  SW-1 con- mand ding t h e  
WIND GENERATOR t o  BLADE FEATHER and ZERO FIELD o r  c l o s e s  SW-2 
a c t i v a t i n g  P-1 i n  t h e  HEAT WASTER SYSTEM. When TH-2 drops be low 
190F, SW-1 o r  SW-2 i s  opened. 
3. I f  TH-A < 65F, TH-A a c t i v a t e s  e i t h e r  L.P. GAS AUX. FURNACE o r  
WOOD BURNING AUX. FURNACE t o  send h e a t i n g  t o  HOUSE. Furnace w i l l  
shu t  down whenever TH-A reaches 68F. 
4. The WINTER-SUMMER MANUAL SWITCH (SW-W/S) w i l l  n o t  be used i n  t h e  
Model 2 because year - round  Domest ic Hot Water demand r e q u i r e s  
t h a t  THERMAL STORAGE be k e p t  up t o  190F a l l  y e a r  round. There 
w i l l  be a MANUAL OVERRIDE on SW-3 t h a t  w i l l  p r e v e n t  c i r c u l a t i n g  
h o t  w a t e r  i n t o  BASEBOARD CONVECTORS d u r i n g  t h e  summer. 

SWITCHIIJG LOGIC FOR THE WIND FURNACE EXPERIMENT, Model 3-A - Wi th  Two 
Heat Sources, One Thermal S to rage  and I n p u t  t o  Domest ic Ho t  Water: 
F i g u r e  35 
1. Assume WIND GENERATOR has WINDPOWER t o  d e l i v e r .  I f  TH-2 < 190F, 
LOAD SWITCH connects  WlNDPOWER t o  IMMERSION HEATERS, s t e p p i n g  
t h r o u g h  i t s  i ncrements o f  i n c r e a s i n g  1 oad r e s i  s tance  as con~manded 
by t h e  PRIMARY CONTROL SIGNAL. 
2. DT-1 c o n t i n u a l l y  moni t o r s  d i f f e r e n c e  between out1  e t  and i n l e t  
tempera tu res  o f  FLAT-PLATE COLLECTOR. When t h i s  d i f f e r e n c e  i s  
> 
- 20F, DT-1 a c t i v a t e s  pump P-4, which has t h e  e f f e c t  o f  t r a n s f e r r i n g  
energy f r o m  t h e  c o l l e c t o r  t o  THERMAL STORAGE. P-4 w i l l  s t a y  on 
u n t i l  ( T o u t - T i n )  5 3F, a t  which t i m e  P-4 w i l l  s i i t i t  down. 
3. I f  'TH-1 < 68F and TH-2 -> 72F, LOGIC c l o s e s  SW-3, c a u s i n g  pump 
P-2 t o  c i r c u l a t e  water  f rom THERMAL STORAGE t o  BASEBOARD CONVECTORS. 
4. If TH-A < 65F, TH-A a c t i v a t e s  e i t h e r  L.P. GAS AUX. FURNACE o r  
WOOD BURNING AUX. FURNACE t o  send h e a t i n g  t o  HOUSE. When TH-A > 
68F, FURNACE w i l l  s h u t  down. 
5. If TH-2 reaches 194F, LOGIC c l o s e s  SW-1 c a u s i n g  t h e  WIND GENERATOR 
t o  BLADE FEATHER and ZERO FIELD o r  c l o s e s  SW-2, a c t i v a t i n g  P-1 i n  
t h e  HEAT WASTER SYSTEM. When TH-2 drops be low 190F, SW-1 and SW-2 
a r e  opened. 
6. The WINTER-SUi4MER SWITCH SW-W/S w i l l  n o t  be used i n  Model 3A due 
t o  year - round  demand f o r  domes t i c  h o t  water .  A manual o v e r r i d e  
on SW-3 w i l l  p r e v e n t  c i r c u l a t i n g  h o t  w a t e r  i n t o  BASEBOARD CONVECTORS 
d u r i n g  t h e  s u m e r .  

SWITCHING LOGIC FOR THE IdIND FURNACE EXPERIMENT, Model 38 - Wi th  Two 
Thermal Storages and I n p u t  t o  Domestic Hot Water: F i g u r e  36 
1. LOGIC has two d i f f e r e n t  sources o f  hea t  a v a i l a b l e  t o  supply  
heat ing;  ( a )  water  .in Thermal Storage 2, whenever TH-2 => 72F; 
( b )  water i n  Thernlal Storage-  1 , whenever TH-4 72F. LOGIC 
w i l l  mon i t o r  c o n t i n u a l l y  TH-1, TH-2, TH-4, WINDPOWER, and DT-1. 
2. Assume TH-1 drops below 68F. LOGIC w i l l  f i r s t  check TH-4 t o  see 
i f  i t  i s  2 72F. I f  so, LOGIC w i l l  cause SW-8 t o  c l o s e  v a l v e  V-2, . 
w i l l  cause SW-9 t o  open v a l v e  V-3, w i l l  cause SW-11 t o  c l o s e  v a l v e  
V-4, w i l l  cause SW-10 t o  open v a l v e  V-5, and w i l l  cause SW-3 
t o  s t a r t  PUi.1P P-2. Th i s  s w i t c h i n g  w i l l  r e s u l t  i n  t h e  c i r c u l a t i o n  
o f  wa te r  f rom THERMAL STORAGE 1 i n t o  BASEBOARD CONVECTORS. Water 
w i l l  c o n t i n u e  t o  c i r c u l a t e  u n t i l  e i t h e r  TH-1 > 72F o r  TH-4 < 72F. 
3. If w h i l e  c i r c u l a t i n g  wate r  from THERMAL STORAGE 1 i n t o  BASEBOARD 
CONVECTORS TH-4 drops below 72F, LOGIC w i l l  measure TH-2. I f  TH-2 
> 
= 72F, LOGIC w i l l  then cause SW-8 t o  open v a l v e  V-2, w i l l  cause 
SW-9 t o  c l o s e  v a l v e  V-3, w i l l  cause SW-11 t o  open v a l v e  V-4, w i l l  
cause SW-10 t o  c l o s e  v a l v e  V-5, and w i l l  cause SW-3 t o  con t i nue  
PUMP P-2 i n  ope ra t i on .  Th is  s w i t c h i n g  w i l l  r e s u l t  i n  t h e  c i r c u l a t i o n  
of wa te r  f rom THERMAL STORAGE 2 i n t o  BASEBOARD CONVECTORS. Water 
w i l l  con t i nue  t o  c i r c u l a t e  u n t i l  e i t h e r  TH-1 > 72F o r  TH-2 < 72F. 
4. D i f f e r e n t i a l  Therniostate DT-1 w i  11 c o n t i n u a l l y  mon i t o r  d i f f e r e n c e  
between c o l l e c t o r  i n l e t  and o u t l e t  temperatures.  Whenver t h i s  
d i f f e rence  i s  2 20F, DT-1 w i l l  a c t i v a t e  PUMP P-4, which has t h e  
e f f e c t  of t a k i n g  energy from FLAT PLATE COLLECTOR and p u t t i n g  i t  
i n t o  THERbIAL STORAGE 2. When tempera tu re  d i f f e r e n c e  i s  < 3F, 
pump w i l l  s h u t  o f f .  
5. Whenever LOGIC measures b o t h  TH-2 and TH-4 as be low 72F and TH-A 
< 65F, TH-A w i l l  a c t i v a t e  t h e  AUXILIARY FURNACE, c a u s i n g  i t  t o  
d e l i v e r  a u x i  1  i a r y  h e a t i n g  t a  HOUSE. Manual s w i t c h i n g  w i  11 have 
de te rm ined  whether  t h e  L.P. GAS AUX. FURNACE o r  t h e  WOOD BURNING 
AUX. FURNACE i s  t o  c a r r y  t h e  a u x i l i a r y  l o a d .  When TH-A reaches 
68F a u x i l i a r y  h e a t i n g  w i l l  s h u t  down. 
6. When TH-2 2 TSmax and TH-4 < 180F, LOGIC w i  11 cause SW-5 t o  open 
v a l v e  V-1, and w i l l  cause SW-7 t o  a c t i v a t e  PUMP P-3, t h u s  e f f e c t i v e l y  
m i x i n g  t h e  c o n t e n t s  o f  THERMAL STORAGE 1  and THERMAL STORAGE 2. 
LOGIC w i l l  keep PUMP P-3 on l i n e  u n t i l  TH-2 has dropped t o  190F 
o r  TH-4 reaches TSmax, a t  wh ich  t i m e  PUMP P-3 w i l l  be t a k e n  o f f  t h e  
l i n e .  
7. Whenever LOGIC measures b o t h  TH-2 and TH-4 as > TSmax, LOGIC w i l l  
cause SW-1 t o  c l o s e ,  co rnand ing  t h e  WIND GENERATOR t o  BLADE 
FEATHER and ZERO FIELD, w i l l  cause SW-2 t o  c l o s e ,  t h u s  a c t i v a t i n g  
PUMP P-1, sending h e a t  o u t  o f  THERMAL STORAGE 1  i n t o  t h e  HEAT 
WASTER, w i l l  cause SW-5 t o  open v a l v e  V-1 and w i l l  cause SW-7 
t o  a c t i v a t e  PUMP P-3. The n e t  e f f e c t  o f  t h i s  s w i t c h i n g  w i l l  be 
t h e  m i x i n g  o f  c o n t e n t s  o f  THERMAL STORAGE 1 and THERMAL STORAGE 2, 
p l u s  w a s t i n g  o f  t h e i r  h e a t  i n  excess o f  190F. 
8. The WTNTER-SUMMER SWITCH, S w i t c h  SW-W/S w i l l  be opera ted  manua l l y  t o  
p r e v e n t  any pumping o f  h e a t i n g  w a t e r  i n t o  HOUSE and t o  p r e v e n t  any 
c o n t r o l  i n p u t  f r o m  TH-1 i n t o  LOGIC d u r i n g  p e r i o d s  when h e a t i n g  i s  
n o t  wanted. D u r i n g  such p e r i o d s ,  b o t h  WINDPOWER and FLAT PLATE 
COLLECTOR w i  11 s t i l l  be a v a i l a b l e  t o  keep t h e  THERMAL STORAGES 
hea ted  t o  s u p p l y  Domest ic H o t  Water. 

SWITCHING LOGIC FOR THE WIND FURNACE EXPERIMENT, Model 4-A - Wind, 
Mechanica l  Churn and S to rage :  F i g u r e  37 
1. Assunie t h a t  t h e  WIND GENERATOR has WINDPOWER a v a i l a b l e .  I f  TH-2 
< 190F, LOGIC w i l l  keep s w i t c h e s  SW-1 and SW-5 open and w i l l  
p e r m i t  CHURN t o  add h e a t  t o  'THERMAL STORAGE 1 .  
2. I f  TH-1 < 68F and TH-2 > 72F, LOGIC w i l l  cause SW-3 t o  c l o s e  and 
PUMP P-2 w i l l  d e l i v e r  warm w a t e r  f r o m  THERMAL STORAGE 1 t o  BASE- 
BOARD COldVECTORS. When TH-1 reaches 72F o r  s h o u l d  TH-2 d r o p  be low ' 
72F, LOGIC w i l l  d i s c o n n e c t  PUMP P-2 .  
3. I f  TH-1 = 68F and TH-2 > 194F, LOGIC w i l l  cause SW-1 t o  c l o s e  
commanding WIND GENERATOR t o  BLADE FEATHER and ZERO FIELD, 
and w i l l  a l s o  cause SV-5 t o  c l o s e  wh ich  w i l l  o p e r a t e  BRAKE. 
4. I f  TH-2 s t i l l  r i s e s ,  LOGIC w i l l  cause SW-2 t o  c l o s e ,  t h u s  a c t i v a t i n g  
PUMP P-1 u n t i l  TH-2 < 190F. 
5. The WIl4TER-SUMMER SWITCH f o r  t h i s  model i s  a MANUAL OVERRIDE on 
SW-3 wh ich  enab les  t h e  o p e r a t o r  t o  p r e v e n t  d e l i v e r y  o f  h e a t i n g  
t o  BASEBOARD CONVECTORS when so d e s i r e d .  

SWITCHING LOGIC FOR THE WIND FURNACE EXPERIMENT, Model 4-6, Wind 
Mechanica l  Churn, F l a t  P l a t e  C o l l e c t o r  and Two Storages:  F i g u r e  38 
I .  Assunle t h a t  t h e  WIND GENERATOR has WIIIDPOWER a v a i l a b l e .  I f  TH-2 
< 190F, L.OGIC w i l l  keep s w i t c h e s  SW-1 and SW-12 open and w i l l  
p e r m i t  CHURN t o  add h e a t  t o  -THERMAL STORAGE 1. 
2. I f  TH-1 < 68F and TH-4 > 72F, LOGIC w i l l  cause SW-2 t o  c l o s e  
and PUMP P-2 w i l l  d e l i v e r  warm w a t e r  f r o m  TIHERMAL STORAGE 1 t o  
BASEBOARD CONVECTORS. When TH-1 reaches 72F, o r  shou ld  TH-4 
d r o p  below 72F, LOGIC w i l l  d i s c o n n e c t  PUMP P-2. 
3. I f  TH-1 = 68F and TH-2 > 190F and TH-4 < 190F, LOGIC w i l l  cause 
SW-7 t o  open v a l v e  V-1 and SW-5 t o  a c t i v a t e  PUMP P-3, t h u s  
c a u s i n g  t h e  m i x i n g  o f  c o n t e n t s  o f  THERMAL STORAGE 1 and THERMAL 
STORAGE 2. Once s t a r t e d ,  t h i s  w i l l  be c o n t i n u e d  u n t i l  e i t h e r  
TH-2 has dropped t o  180F o r  TH-4 has r i s e n  t o  184F. I f  b o t h  
TH-2 and TH-4 r e a c h  194F, LOGIC w i l l  open SW-5, s t o p p i n g  P-3, 
and w i l l  cause SW-2 t o  a c t i v a t e  PUMP P-1. LOGIC w i l l  t h e n  a l l o w  
t h e  HEAT WASTER system t o  o p e r a t e  u n t i l  TH-2 has dropped below 180F. 
4. DT-1 w i l l  m o n i t o r  t e m p e r a t u r e  d i f f e r e n c e  a c r o s s  c o l l e c t o r .  When 
DT-1 exceeds TH-4, LOGIC w i l l  cause SW-6 t o  a c t i v a t e  PUMP P-4, 
wh ich  w i l l  move h e a t  from FLAT PLATE COLLECTOR i n t o  THERMAL STORAGE 
2, When t h i s  d i f f e r e n c e  i s  < 3F, P-4 w i l l  s h u t  down. 
5. I f  a t  any t i m e  TH-A < 65F and b o t h  TH-2 and TH-4 < 72F, i t  w i l l  
a c t i v a t e  t h e  AUXILIARY FURNACE. Manual s w i t c h i n g  w i  11 d e t e r m i n e  
whe the r  t h e  L.P. GAS AUX. FURNACE o r  t h e  WOOD BURNING AUX. FURNACE 
i s  t o  opera te .  Furnace w i l l  o p e r a t e  u n t i l  TH-A reaches 68F, a t  
wh ich t i m e  i t  w i l l  s t o p .  If TH-1 has n o t  y e t  reached 72F and TH-4 
d r o p s  be low 72F and TH-2 i s  s t i l l  above 72F, LOGIC w i l l  cause 
SW-8 t o  open v a l v e  V-2, w i l l  cause SW-9 t o  c l o s e  v a l v e  V-3, 
w i l l  cause SW-11 t o  open v a l v e  V-4 and w i l l  cause SW-10 t o  c l o s e  
v a l v e  V-5. PUMP P-2 w i l l  t h e n  purnp u n t i l  TH-1 = 72F o r  TH-4 
d rops  be low 7 2 F .  I f  t h e  l a t t e r  o c c u r s ,  LOGIC w i l l  open SW-3, 
SW-9, SW-9, SW-11 and SW-10 and ~ i i o n i t o r  TH-1, TH-2 and TH-4. 
I f  TH-1 reaches 6 5 F  b e f o r e  e i t h e r  TH-2 o r  TH-4 r i s e  above l l O F ,  




SWITCHING LOGIC FOR THE WIND FURNACE EXPERIMENT Model 4-C - Wind 
Mechanica l  Churn, F l a t  P l a t e  C o l l e c t o r  and One S to rage :  F i g u r e  39 
1 .  Assume t h a t  t h e  WIND GENERATOR has WINDPOWER a v a i l a b l e .  I f  TH-2 
< 190F, LOGIC w i l l  keep s w i t c h e s  SW-1 and SW-5 open and w i l l  
p e r m i t  CHURN t o  add h e a t  t o  THERMAL STORAGE. 
2. DT-1 c o n t i n u a l l y  m o n i t o r s  t e m p e r a t u r e  d i f f e r e n c e  a c r o s s  FLAT- 
> PLATE COLLECTOR. When t h i s  d i f f e r e n c e  i s  - 20F, DT-1 a c t i v a t e s  
PUMP P-4, wh ich  t r a n s f e r s  energy  f r o m  t h e  c o l l e c t o r  t o  THERMAL 
< STORAGE. P-4 w i l l  s t a y  on u n t i l  ( T o u t - T i n )  - 3F, a t  wh ich  t i m e  
P-4 w i l l  s h u t  down. 
3. I f  TH-1 < 68F and TH-2 1 72F, LOGIC c l o s e s  SW-3, c a u s i n g  pump 
P-2 t o  c i r c u l a t e  w a t e r  from THERMAL STORAGE t o  BASEBOARD CONVECTORS. 
4. I f  TH-A < 65F, TH-A a c t i v a t e s  e i t h e r  L.P. GAS AUX. FURNACE o r  WOOD 
BURNING AUX. FURNACE t o  send h e a t i n g  t o  HOUSE. When TH-A > 68F, 
FURNACE w i l l  s h u t  down. 
5. I f  TH-2 reaches 194F, LOGIC w i  11 : 
(a )  C lose SW-1 and SW-12, commanding WIND GENERATOR t o  BLADE 
FEATHER and ZERO FIELD and a c t i v a t i n g  BRAKE o r ,  
( b )  c l o s e  SW-2, a c t i v a t i n g  PUMP P-1 i n  t h e  HEAT WASTER SYSTEM. 
When TH-2 d rops  t o  190F, SW-I, SW-2 and SW-12 w i l l  be opened. 
6. The WINTER-SUMMER SWITCH f o r  t h i s  niodel i s  a MANUAL OVERRIDE on 
SW-3 wh ich  c u t s  o u t  w a t e r  c i r c u l a t i o n  t o  BASEBOARD COIJVECTORS. 

A P P E N D I X  B  
Summary o f  t h e  B i l l  o f  M a t e r i a l  
T h i s  summary l i s t s  t h e  c o s t  o f  each h e a t i n g  sys tem -in S o l a r  
H a b i t a t  One f o r  wh ich  t h e  04  g roup  was w h o l l y  o r  p a r t l y  r e s p o n s i b l e .  
The normal c o s t  o f  i n s t a l  l a t i o n  o f  any o f  t h e s e  systems would 
p r o b a b l y  be much l e s s  t h a n  t h e  f i g u r e s  shown f o r  SH-1, e s p e c i a l l y  
i n  ar rangements  u s i n g  s t o r a g e .  T h i s  i s  because S o l a r  H a b i t a t  One, 
b 
b e i n g  an e n g i n e e r i n g  l a b o r a t o r y  b u i l d i n g ,  has b u i l t - i n  f l e x i b i l i t y  i n  
most o f  i t s  h e a t i n g  ar rangement  and i s  h e a v i l y  equ ipped w i t h  
i n s t r u m e n t a t i o n .  Normal s o l a r  and windpower h e a t i n g  system, f o r  
. 
example, would  n o t  r e q u i r e  s e v e r a l  s t o r a g e  t a n k s  o r  t h e  c a p a b i l i t y  
t o  v a r y  f l  owra tes  o v e r  s u b s t a n t i  a1 ranges.  
I n  cases where sub-system components a r e  n o t  y e t  i n s t a l l e d  o r  
where i t e m s  were o b t a i n e d  f r e e  f rom t h e  U n i v e r s i t y ,  an e s t i m a t e  
( e s t .  ) o f  t h e  p r i c e  o f  m a t e r i a l s  i s  g i v e n .  The f u l l  add ress  o f  
each source  o f  m a j o r  components i s  g i v e n  a t  t h e  end o f  t h i s  appendix .  
Subsystem: E l e c t r i c  Baseboard Convectors 
Coniponent 
- --
Quantity Source Cost ( $ )  
10 foo t  e l e c t r i c  9 Argo Indus t r i e s  391.32 
baseboard convectors 
Wire 1000 f t  ( e s t . )  
- 50.00 ( e s t . )  
Total 441.32 
Subsystem: Solar  Col lec tor  System 
C-onen t 
- --
Quanti ty Source Cost ( $ )  
Solar  co l e c t o r s  h 10 Dixon Energy 1 000.00 (19.6 f t  each) Systems, Inc. 
Solar  c o l l e c t o r  
Pump 
Tank heater  pump 1 
Shel l - tube  heat  
exchanger 
Expansion tank 1 
Water f i  1 t e r  1 
Propylene glycol 25 g a l .  
a n t i f r e e z e  
Gate, globe,  purge, 2 9 
and check valves 
Copper tubing 618 f t .  
( 1  1/4" nom., 3/4" 
norn., 3/4" O . D .  ) 
Solder t e e s  and e l  bows 164 
(1 1/4" norn., 3/4" 
nom. ) 
Tubing insu la t ion  458 f t .  
(3/4" d i a . ,  1 1/4" 
nom. ) 
Taco Inc. 74.92 
Taco Inc. 226.10 
Young Radiator Co. 164.00 
Taco Inc. 28.95 
Amf-Cuno 295.00 
Dow Chenii cal Co. 125.00 
271.68 ( e s t .  ) 
366.00 
Component Q u a n t i  ty Source 
Other  f i t t i n g  and 136 
adap te rs  
Fasteners  and hangers 8 5  
So lder ,  f l u x ,  e t c .  
30.00 ( e s t .  ) 
34.25 
T o t a l  3,091 .88 
Subsystem: E l e c t r i c  Immersion Heaters  
Component Q u a n t i t y  Source Cost  ( $ )  
Heater  element 
( 4  kW) 
Heater e l  ement 
(1.65 kW) 
6 Sears Roebuck & Co. 45.00 
1 1 /4"  ga l van i zed  37 ft. 
p i p e  
1 1 /4"  f i t t i n g  4  5  
6 Sears Rcebuck & Co. 45.00 
Gaskets, epoxy, 
t e f l o n  tape  
M i  sce l  laneous 
23.00 ( e s t . )  
32.00 ( e s t .  ) 
T o t a l  138.87 
Subsystem: Water Baseboard Convectors 
Component 
- Q u a n t i t y  Source Cost ( $ )  
Water baseboard 50 ft. Argo I n d u s t r i e s  160.00 
convec to rs  
( d o u b l e - t i e r e d )  
C i r c u l a t o r  purrlps 3  Taco I n c .  21 7.72 
Tank m i x i n g  pump 1 Taco I n c .  74.92 
Gate, g lobe ,  check, 2 4 
and ba lanc ing  v a l  ves 
Copper tubing 
( 1  114" norn., 
314" nom. ) 
Solder t e e s  and 
e l  bows ( 1  114" norn. , 
314" non]. ) 
Tubing insu la t ion  
(1 114" nom., 
314" nom.) 
Other f i t t i n g s  and 
adapters  
Fasteners  and 
hangers 
Solder ,  f l u x ,  e t c .  
Quanti ty Source 
612 f t .  
524 f t .  
Cost ( $ 1  
337.14 
34.65 ( e s t .  ) 
43.08 ( e s t . )  
Total 1,308.41 
Subsys te~n: Float  Valve Loop 
Component 
- 
Quanti t.y Source Cost 6) 
1/2" F loa t  valves 5 154.00 
Globe and ga te  
val ves (314" ) 
Copper tubing 
(314" norn.) 
Solder  t e e s  and 
elbows (3/4" norn. ) 
Other f i t t i n g s  
and adapters  
5 33.50 ( e s t  . )  
82 f t .  34.03 
Fas teners  and hangers 1 3  9.01 
Solder ,  f l u x ,  e t c .  3.00 ( e s t . )  
--- 
Total 243.58 
Subsystem: Hot Water Preheat  Loop 
Component Q u a n t i t y  Source 
Heater  c o i l  1 undetermined 
Valves (314" ) 2 
Tubing (314" nom.) 120 f t .  
Tees and elbows 12 
Tubing i n s u l a t i o n  30 f t .  
(314" nom. ) 
Component 
Data a c q u i s i t i o n  
sys tem 
D i f f e r e n t i a l  
t he rmos ta t  




I n s t r u m e n t a t i o n  
Cost ( $ )  
50-75.00 ( e s t .  ) 
13.40 ( e s t . )  
49.80 ( e s t . )  
18.12 ( e s t . )  
7.25 ( e s t . )  
T o t a l  138.57-163.57 . 
Q u a n t i t y  Source Cost  ( $ )  
1 F l uke  Mfg. Co. 9000.00 
1 Rho Sigma 90.00 
2 Ameri can Standard 94.00 
10 F i s c h e r  & P o r t e r ,  1000.00 ( e s t . )  
Brooks 
8 
- 320.00 ( e s t  . ) 
T o t a l  10,504.00 
Manufac tu re rs  
AMF-Cuno 
400 Research Parkway 
Meriden, CT 06450 
American Standard Heat T r a n s f e r  D.i v. 
175 Standard Parkway 
B u f f a l o ,  NY 14227 
Argo I n d u s t r i e s ,  I n c .  
554 W i l bu r  Cross Highway 
B e r l i n ,  CT 06037 
Brooks I ns t r umen t  D i v i s i o n  
Emerson E l e c t r i c  Co. 
H a t f i e l d ,  PA 19440 
Dixon Energy Systems, I n c .  
P. 0. Box 304 
Conway, MA 01 341 
Dow Chemical Co. 
2020 Dow Center  
Mid land,  M I  48640 
F i sche r  & P o r t e r  Co. 
152 County L i n e  Road 
Warminster,  PA 18974 
F luke  Mfg. Co., I n c .  
P.O.  Box 43210 
Mount lake Terrace,  WA 98043 
Rho Sigma 
5108 M e l v i n  Ave. 
Tarzana, CA 91356 
Sears, Roebuck and Co. 
Boston, MA 02215 
Taco I nc .  
l l G O  Cranston S t .  
Cranston, R I  02920 
Young R a d i a t o r  
2825 Four M i l e  Road 
Racine, W I  53404 
